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SECTION  1 


INTRODUCTION 


This  work  plan,  prepared  by  Parsons  Engineering  Science,  Inc.  (Parsons  ES), 
formerly  Engineering  Science,  Inc.(ES),  presents  the  scope  of  work  required  for  the 
collection  of  data  necessary  to  conduct  a  treatability  study  (TS)  for  remediation  of 
groundwater  contaminated  with  petroleum  hydrocarbons  and  solvents  at  Site  FT-08,  the 
Current  Fire  Training  Area,  and  Site  FT-03,  Christmas  Tree  Fire  Training  Area, 
located  at  Westover  Air  Reserve  Base  (ARB)  in  Chicopee,  Massachusetts  (the  Base). 
Several  remedial  options  will  be  evaluated  during  the  TS,  including  free-phase  product 
removal  (if  present);  groundwater  extraction,  treatment,  and  disposal  (i.e.,  pump  and 
treat);  bio-sparging;  and  natural  contaminant  attenuation  (intrinsic  remediation)  with 
long-term  monitoring.  All  hydrogeologic  and  groundwater  chemical  data  necessary  to 
evaluate  the  various  remedial  options  will  be  collected  under  this  program;  however, 
this  work  plan  is  oriented  toward  the  collection  of  hydrogeologic  data  to  be  used  as 
input  into  groundwater  flow  and  solute  transport  models  in  support  of  intrinsic 
remediation  for  restoration  of  fuel-hydrocarbon  and  chlorinated  solvent  contaminated 
groundwater. 

As  part  of  the  TS,  the  modeling  effort  has  three  primary  objectives:  1)  predict  the 
future  extent  and  concentration  of  dissolved  contaminant  plumes  by  modeling  the 
effects  of  advection,  dispersion,  sorption,  and  biodegradation;  2)  assess  the  possible 
risk  to  potential  downgradient  receptors;  and  3)  to  provide  technical  support  for 
selection  of  the  intrinsic  remediation  option  as  the  best  remedial  alternative  at 
regulatory  negotiations,  as  appropriate.  The  modeling  efforts  for  these  sites  will 
involve  completion  of  several  tasks,  which  are  described  in  the  following  sections. 

This  work  plan  was  developed  based  on  discussions  among  representatives  from  the 
Air  Force  Center  for  Environmental  Excellence  (AFCEE),  439th  Support  Group/Civil 
Engineering  (SPTG/CEV)  personnel,  and  Parsons  ES  at  a  meeting  at  the  Base  February 
8,  1995,  to  discuss  the  statement  of  work  (SOW)  for  this  project,  and  on  a  review  of 
existing  site  characterization  data.  All  field  work  will  follow  the  health  and  safety 
procedures  presented  in  the  program  Health  and  Safety  Plan  for  Bioplume  II  Modeling 
Initiative  (ES,  1993),  the  site-specific  addendum  to  the  program  Health  and  Safety 
Plan,  and  an  existing  site  health  and  safety  plan  (O’Brien  and  Gere,  1993).  This  work 
plan  was  prepared  for  AFCEE  and  the  439th  SPTG/CEV. 
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1.1  SCOPE  OF  CURRENT  WORK  PLAN 


The  ultimate  objective  of  the  work  described  herein  is  to  provide  a  TS  for 
remediation  of  groundwater  contamination  at  the  Current  Fire  Training  Area  (Site  FT- 
08)  and  Christmas  Tree  Fire  Training  Area  (Site  FT-03).  However,  this  project  is  part 
of  a  larger,  broad-based  initiative  being  conducted  by  AFCEE  in  conjunction  with  the 
US  Environmental  Protection  Agency  (USEPA)  and  Parsons  ES  to  document  the 
biodegradation  and  resulting  attenuation  of  fuel  hydrocarbons  and  solvents  dissolved  in 
groundwater,  and  to  model  this  degradation  using  the  Bioplume  II  numerical 
groundwater  model  code.  For  this  reason,  the  work  described  in  this  work  plan  is 
directed  toward  the  collection  of  data  in  support  of  this  initiative.  All  data  required  to 
develop  a  30-percent  design  of  an  alternate  groundwater  remediation  system,  should 
intrinsic  remediation  not  prove  to  be  a  viable  remedial  option  at  this  facility,  also  will 
be  collected  under  this  program.  This  work  plan  describes  the  site  characterization 
activities  to  be  performed  by  personnel  from  Parsons  ES  and  the  USEPA’s  Robert  S. 
Kerr  Laboratory  (RSKERL)  in  support  of  the  TS  and  the  groundwater  modeling  effort. 
Field  activities  will  be  performed  to  determine  the  extent  of  free-phase  (if  present)  and 
dissolved  contamination  at  both  FT-08  and  FT-03.  In  addition,  the  extent  of  residual 
soil  contamination  will  be  investigated  at  FT-08.  A  soil  remediation  system  is  being 
installed  at  FT-03;  therefore,  soils  will  not  be  investigated  at  this  site.  The  data 
collected  during  the  TS  will  be  used  along  with  data  from  previous  investigations  to 
complete  the  characterization  of  contamination  at  the  sites,  and  for  use  in  the 
groundwater  flow  and  solute  transport  models  to  make  predictions  of  the  future 
concentrations  and  extent  of  contamination. 

Site  characterization  activities  in  support  of  the  TS  will  include:  1)  determination  of 
preferential  contaminant  migration  pathways;  2)  soil  sampling  using  Geoprobe®  direct- 
push  technology;  3)  groundwater  monitoring  point  placement;  4)  groundwater 
sampling;  and  5)  aquifer  testing.  The  materials  and  methodologies  required  for 
collection  of  these  data  are  described  herein.  Previously  reported  site-specific  data  and 
data  collected  during  the  supplemental  site  characterization  activities  described  in  this 
work  plan  will  be  used  as  input  for  the  groundwater  flow  and  solute  transport  models. 
Where  site-specific  data  are  not  available,  conservative  values  for  the  types  of  aquifer 
materials  present  at  the  site  will  be  obtained  from  widely  accepted  published  literature 
and  used  for  model  input.  Sensitivity  analyses  will  be  conducted  for  the  parameters 
which  are  known  to  have  the  greatest  influence  on  the  model  results,  and  where 
possible,  the  model  will  be  calibrated  using  historical  site  data.  Upon  completion  of 
the  modeling.  Parsons  ES  will  provide  technical  assistance  at  regulatory  negotiations  to 
support  the  intrinsic  remediation  option  if  the  results  of  the  modeling  indicate  that  this 
approach  is  warranted.  If  it  is  shown  that  intrinsic  remediation  is  not  the  most 
appropriate  remedial  option.  Parsons  ES  will  recommend  the  most  appropriate 
groundwater  remedial  technology  on  the  basis  of  available  data. 

This  work  plan  consists  of  six  sections,  including  this  introduction.  Section  2 
presents  a  review  of  previously  reported,  site-specific  data  and  conceptual  models  for 
the  sites.  Section  3  describes  the  proposed  sampling  strategy  and  procedures  to  be  used 
for  the  collection  of  additional  site  characterization  data.  Section  4  describes  the 
remedial  option  evaluation  procedure  and  TS  report  format.  Section  5  describes  the 
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quality  assurance/quality  control  (QA/QC)  measures  to  be  used  during  this  project. 
Section  6  contains  the  references  used  in  preparing  this  document.  There  are  two 
appendices  to  this  work  plan.  Appendix  A  contains  a  listing  of  containers, 
preservatives,  packaging,  and  shipping  requirements  for  soil  and  groundwater  samples. 
Appendix  B  contains  a  summary  of  historical  soil  and  groundwater  analytical  data  from 
previous  field  investigation  work. 

1.2  BACKGROUND 

Westover  ARB  is  located  in  south-central  Massachusetts.  The  Base  covers 
approximately  2,400  acres  in  the  northeastern  portion  of  the  city  of  Chicopee,  within 
the  Connecticut  River  Valley  (Figure  1.1).  The  Base  is  in  close  proximity  to  Interstate 
90  (the  Massachusetts  Turnpike)  and  1-91  (a  major  north-south  route),  and  is  90  miles 
west  of  Boston.  Westover  ARB  is  in  Hampden  County,  and  the  land  use  around  the 
Base  is  a  mix  of  rural,  residential  and  industrial/commercial  development. 

The  Base  became  operational  in  April  1940  and  initially  served  as  a  training  center 
for  the  359th  Fighter  Group  until  1945.  After  World  War  H,  the  Base  served  the  Air 
Transport  Command,  which  in  1948  became  the  Military  Air  Transport  Services. 
From  1956  to  1974,  the  Base  was  used  by  Strategic  Air  Command  (SAC)  crews 
operating  B-52s.  Westover’s  99th  Bomb  Wing  was  the  primary  SAC  unit  flying 
missions  in  the  Vietnam  War.  The  Air  Force  Reserve  came  to  Westover  in  1965,  and 
in  1974  the  Base  was  deactivated  to  become  an  Air  Force  Reserve  Base.  Westover’s 
world-wide  mission  increased  with  the  arrival  of  16  C-5A’s  in  1987.  Currently  the 
Base  is  the  nation’s  largest  Air  Force  Reserve  Base  and  is  operated  by  a  work  force  of 
1,200  civilians,  including  533  Air  Reserve  technicians.  Over  4,000  reservists  from  all 
military  branches  throughout  the  Northeast  serve  at  Westover  ARB. 

In  1982,  an  Installation  Restoration  Program  (IRP)  records  search  was  conducted  by 
CH2M  Hill  (CH2M  Hill,  1982).  At  this  time  the  Current  Fire  Training  Area  and 
Christmas  Tree  Fire  Training  Area  were  identified  as  hazardous  waste  sites  due  to  the 
regular  use  of  fuels  and  solvents  as  a  part  of  fire  training  exercises.  Since  1982, 
several  studies  have  been  performed  to  confirm  and  quantify  the  level  of  contamination 
at  the  two  sites.  In  1984,  Weston  Environmental  conducted  work  for  a  Phase  II 
Confirmation  Study.  ES  (1988)  was  responsible  for  site  characterization  activities  in 
1986,  and  the  resulting  Phase  II,  Confirmation/Qualification  Stage  2  Report  (1988). 
UNC  Geotech  (1991)  conducted  work  in  1989  for  a  Remedial  Investigation/Feasibility 
Study  (RI/FS)  of  8  sites,  including  FT-08  and  FT-03.  In  1993  and  1994  O’Brien  and 
Gere  Engineers  collected  field  data  to  produce  a  supplemental  RI/FS.  The  soil  and 
groundwater  data  acquired  from  these  investigations  indicate  that  fuel  hydrocarbon  and 
solvent  contamination  is  present  at  both  sites. 

1.2.1  Current  Fire  Training  Area 

The  Current  Fire  Training  Area  (FT-08)  is  located  in  the  northern  portion  of  the 
Base  (Figure  1.2).  FT-08  was  used  from  1964  to  1986,  for  monthly  fire  training 
exercises  in  which  fuels  were  spread  over  a  metal  replica  of  an  aircraft  fuselage  and 
ignited.  The  volume  of  petroleum  products  and  spent  solvents  used  in  the  training  area 
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prior  to  1974  is  unknown.  From  1974  to  1986,  approximately  125  gallons  of  JP-4  jet 
fuel  per  month  was  used  in  the  exercises.  A  buried  waste  fuel  tank  is  located  northwest 
of  the  bum  area.  A  buried  fuel  line  runs  from  the  tank  to  the  edge  of  the  bum  area 
(Figure  1.3)  (O’Brien  and  Gere,  1993a).  Northeast  of  the  site  is  a  buried  storm  sewer 
drainage  line. 

The  burn  area  is  approximately  150  feet  in  diameter  and  consists  of  sparsely 
vegetated  sand,  gravel,  and  cinder  soil.  The  area  surrounding  the  site  is  primarily  open 
space  with  an  access  road  entering  the  site  from  the  east  (Figure  1.3).  Previous 
investigations  have  detected  benzene,  toluene,  ethylbenzene,  and  xylenes  (BTEX)  and 
chlorinated  solvent  contamination  in  soil  samples  collected  from  the  bum  area  and  the 
soil  around  the  waste  fuel  tank.  Contamination  also  has  been  detected  in  groundwater 
samples  collected  within  and  downgradient  from  the  burn  area. 

1.2.2  Christmas  Tree  Fire  Training  Area 

The  Christmas  Tree  Fire  Training  Area  (FT-03)  is  located  in  the  southwestern 
portion  of  the  Base,  about  200  feet  north  of  the  southern  Base  boundary,  (Figures  1.2 
and  1.4).  Chicopee  Memorial  State  Park  lies  south  of  the  Base  boundary,  and  the 
Chicopee  Reservoir,  located  within  the  park,  is  approximately  0.4  mile  southeast  of 
FT-03.  Site  FT-03  was  used  for  fire  training  exercises  from  1940  to  1964.  The 
volume  of  waste  fuels  and  solvents  released  at  the  site  as  a  result  of  fire  training 
exercises  is  unknown.  UNC  Geotech  (1991)  reported  that  incinerator  trash,  including 
ashes,  tires,  rubble,  unburned  metal,  wood,  plastics,  and  general  debris  have  at  some 
time  been  deposited  at  FT-03.  A  buried  8-inch  JP-4  fuel  line  is  located  in  the  northern 
portion  of  the  site  (ES,  1988). 

Site  FT-03  is  covered  with  sparsely  vegetated  soil  consisting  of  sand,  gravel,  and 
cinders.  A  portion  of  the  site  is  currently  used  as  a  parking  area  for  trucks  and  troop 
transports  (O’Brien  and  Gere,  1993).  There  is  no  visual  evidence  of  contamination 
related  to  use  as  a  fire  training  area.  Results  from  previous  investigations  have 
identified  petroleum  hydrocarbon  contamination  in  soil  samples  from  depths  up  to  10 
feet  below  ground  surface  (bgs).  BTEX  and  chlorinated  solvent  contamination  has 
been  detected  in  shallow  groundwater  samples  collected  at  locations  within  and 
downgradient  from  the  burn  area. 


1-6 


L:\45028\workplan\workplan.doc 


f  \ 


BURIED  FUEL 
LINE 


4-cf(2/a) 


‘APPROXIMATE  BURN  AREA--*  CF-6^ 


CF-5\ 

\ 


\\&. 


LEGEND 


MONITORING  WELL 


RAILROAD  TRACK 


FENCE 


Source:  O’Brien  and  Gere,  1994. 


L:\45028\DRAWINGS\95DN0279,  04/11/95  at  13:25  ^ 


100  200 


FIGURE  1.3 

SITE  LAYOUT 
FT-08 


Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver,  Colorado 


\45028\DRAWINGS\95DN0396,  04/11/95  at  16:09 


SECTION  2 


DATA  REVIEW  AND  CONCEPTUAL  MODEL  DEVELOPMENT 


Existing  site-specific  data  were  reviewed  and  used  to  develop  conceptual  models  for 
the  groundwater  flow  and  contaminant  transport  at  FT-08  and  FT-03.  The  conceptual 
models  guided  the  development  of  sampling  locations  and  analytical  data  requirements 
needed  to  support  the  modeling  efforts  and  to  evaluate  potential  remediation 
technologies,  including  intrinsic  remediation.  Section  2.1  presents  a  synopsis  of 
available  site  characterization  data.  Section  2.2  presents  the  preliminary  conceptual 
groundwater  flow  and  contaminant  transport  models  that  were  developed  based  on 
these  data. 

2.1  DATA  REVIEW 

The  following  sections  are  based  upon  review  of  data  from  the  following  sources: 

•  Ground  Water  Monitoring  Report  for  Site  FT-03  “Christmas  Tree”  Fire 
Training  Area  (O’Brien  and  Gere,  1995); 

•  Supplemental  Remedial  Investigation/Feasibility  Study  Report  (O’Brien  and 
Gere,  1994); 

•  IRP  Work  Plan  (O’Brien  and  Gere,  1993); 

•  Final  RI  Report  (UNC  Geotech,  1991) 

•  IRP  Phase  II-Confirmation/Quantification  Stage  2  Report  (ES,  1988); 

•  Final  Report,  Phase  II  -  Problem  Confirmation  Study  (Weston,  1984);  and 

•  IRP  Records  Search  (CH2M  Hill,  1982); 

2.1.1  Topography,  Surface  Hydrology,  and  Climate 

Westover  ARB  is  located  within  the  Connecticut  River  Valley  Lowland  Subdivision 
of  the  New  England  Upland  Physiographic  Province,  which  is  part  of  the  Northern 
Appalachian  Mountain  System.  The  predominant  topographic  features  of  the  area  are 
the  nearly  level  flood  plains,  level  to  gently  sloping  terraces  along  the  Connecticut 
River,  and  several  large  intrusive  dikes  that  rise  several  hundred  feet  above  the  valley 
floor  (ES,  1988).  Regional  elevations  range  from  50  feet  above  mean  sea  level  (msl)  at 
the  Connecticut  River  to  1,200  feet  msl  to  the  north  of  the  Base  at  Mount  Tom. 

The  Base  is  located  approximately  2  miles  east  of  the  Connecticut  River  and  is 
drained  by  three  smaller  drainages:  Stony  Brook  in  the  north,  Willamansett  Brook  to 
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the  west,  and  Cooley  Brook  along  the  southeastern  boundary  of  the  Base  (Figure  2.1). 
Langewald  Pond  and  Mountain  Lake,  west  of  the  Base,  receive  water  from 
Willamansett  Brook.  Cooley  Brook  receives  runoff  from  most  of  the  industrial 
operations,  site  FT-03,  flight  line  hangars,  and  runways  via  storm  sewers,  culverts,  and 
ditches.  Oil/water  separators  have  been  constructed  along  Cooley  Brook  to  filter  storm 
runoff  prior  to  discharge  into  the  brook  (O’Brien  and  Gere,  1993).  Cooley  Brook 
supplies  water  to  Chicopee  Reservoir  (2,000  feet  southeast  of  FT-03)  and  the  Chicopee 
River  (approximately  1  mile  south  of  the  Base).  Stony  Brook,  a  tributary  of  the 
Connecticut  River,  receives  runoff  from  the  northern  portion  of  the  Base,  mainly 
through  storm  drains  which  outfall  at  the  brook  south  and  east  of  Landfill  A  (O’Brien 
and  Gere,  1993).  Surface  water  flow  in  the  vicinity  of  FT-08  is  north  to  northwest, 
into  the  Stony  Brook  watershed. 

The  climate  in  south  central  Massachusetts  is  typified  by  cold  winters  and 
moderately  warm  summers.  The  temperatures  range  from  a  mean  high  of  83  degrees 
Fahrenheit  (°F)  in  July  to  a  mean  low  of  16°F  in  January.  Temperatures  expected 
during  field  work  (scheduled  for  the  month  of  May)  typically  range  from  a  mean  high 
of  69°F  to  a  mean  low  of  47°F.  The  relative  humidity  averages  about  63  percent 
during  the  month  of  May.  Precipitation  averages  42  inches  per  year,  with  the 
maximum  precipitation  typically  occurring  during  the  months  of  July  through 
September.  May  is  usually  the  driest  month,  with  a  mean  precipitation  total  of  2.8 
inches.  The  mean  annual  wind  speed  is  6  knots  from  the  south. 

2.1.2  Overview  of  Geology  and  Hydrogeology 

2. 1.2.1  Regional  Geology  and  Hydrogeology 

The  central  Massachusetts  bedrock  geology  consists  of  a  variety  of  Precambrian  and 
early  Paleozoic  crystalline  rocks  known  as  the  Grenville  crystallines  (ES,  1988).  These 
rocks  are  most  evident  as  the  Adirondack  Mountains  to  the  west  of  the  Base.  The 
crystalline  rocks  underwent  periods  of  folding,  faulting,  metamorphism,  and  intrusion 
during  the  Taconic  (Ordovician)  and  Acadian  (Devonian)  orogenies.  The  resulting 
stresses  from  these  orogenies  produced  extensive  folding  and  faulting  during  the 
Mesozoic.  Additional  folding  and  rifting  occurred  in  the  early  Jurassic  periods,  and  a 
series  of  north-south  trending  fault  structures  were  formed.  Unconformably  overlying 
the  crystallines  are  Triassic  “redbeds”  consisting  of  arkosic  sandstone,  conglomerates, 
siltstones,  and  occasional  gray  shales.  The  Triassic  rocks  in  the  Westover  ARB  area 
are  reddish-brown  arkosic  sand  and  siltstones  of  the  Portland  Formation.  Uplift  and 
erosion  of  the  Triassic  formations  resulted  in  an  unconformity  between  the  Portland 
Formation  and  Pleistocene  glacial  sediments  (Figure  2.2). 

The  Pleistocene  glacial  advance  reshaped  the  landscape  and  deposited  poorly  sorted 
gravel,  sand,  silt,  and  clay  mixtures  as  moraines  and  till  sheets  (Figure  2.3).  During 
the  glacial  retreat,  melt  waters  impounded  by  glacial  deposits  and  existing  topography 
formed  several  large  glacial  lakes.  The  largest  of  the  Pleistocene  lakes  in  the  region 
was  glacial  Lake  Hitchcock,  which  extended  from  Hartford,  Connecticut  to  Lyme, 
New  Hampshire.  The  lake  was  as  much  as  250  feet  deep  in  the  Chicopee  area 
(Thomas,  1987).  The  resulting  sedimentation  deposited  thick,  gray,  varved  lacustrine 
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clays  with  silt  and  fine  sand  laminations.  Overlying  the  lacustrine  sediments  are  brown 
to  gray,  fine  to  coarse  sands  with  traces  of  gravel  and  silt.  These  sediments  are  deltaic 
outwash  deposits  that  formed  as  glacial  Lake  Hitchcock  drained  and  filled  with 
sediment. 

The  regional  hydrogeology  of  the  Westover  ARB  area  consists  of  three  major 
hydrogeologic  units.  An  aquitard  composed  of  lacustrine  deposits  and  till  separates  the 
shallow  deltaic  outwash  aquifer  from  the  underlying  Triassic  bedrock  aquifer.  Both 
aquifers  are  used  to  a  limited  extent  for  industrial,  municipal,  and  domestic  purposes 
(O’Brien  and  Gere,  1993).  Because  of  the  thick  aquitard,  it  is  considered  unlikely  that 
site  contaminants  in  the  shallow  aquifer  could  adversely  impact  the  Triassic  bedrock 
aquifer.  The  glacial  outwash  aquifer  ranges  in  thickness  from  25  to  85  feet  in  the  area 
of  the  Base,  and  is  recharged  by  infiltration  and  runoff  from  rain  and  melting  snow 
(O’Brien  and  Gere,  1993).  Depth  to  groundwater  is  generally  5  to  40  feet  bgs  and  is 
influenced  by  surface  topographic  features.  The  hydraulic  conductivity  for  silty  sands 
and  clean  sands  typical  of  outwash  deposits  ranges  from  0.03  to  2,800  feet  per  day 
(ft/day)  (Freeze  and  Cherry,  1979).  Pump  tests  performed  by  UNC  Geotech  (1991) 
determined  the  hydraulic  conductivity  at  the  base  to  average  13  ft/day  and  range  from 
2.2  to  33  ft/day. 

2. 1.2.2  FT-08  Geology  and  Hydrogeology 

Sediments  at  FT-08  consist  primarily  of  fine-  to  coarse-grained  sands  and  gravels, 
overlying  varved  silt  and  clay  lacustrine  deposits.  Sediments  above  the  lacustrine 
deposits  coarsen  upward,  as  is  typical  of  a  deltaic  depositional  environment.  Sands  are 
loose  to  medium  dense,  tan  to  brown,  and  very  fine  to  coarse  grained.  Within  the 
coarse  sands,  gravel-sized  material  is  also  present.  Past  investigations  have  reported 
the  upper  5  feet  of  soil  to  be  a  medium  dense,  light  brown,  fine  sand  to  gravel  fill. 
Below  the  fill  is  a  30-  to  40-  foot-thick,  loose  to  medium  dense  sand  and  gravel  layer. 
Underlying  the  sand  and  gravel,  approximately  10  feet  of  fine  silty  sand  and  20  feet  of 
fine  sand  are  present.  Figure  2.4  shows  the  location  of  stratigraphic  cross-section  A- A’ 
at  site  FT-08.  Figure  2.5  is  cross-section  A- A’  of  the  site  in  an  east- west  direction. 
This  cross-section  details  the  interlayering  of  fine  sands  and  coarse  sand  and  gravels 
characteristic  of  this  type  of  depositional  environment. 

In  1986,  ES  installed  six  monitoring  wells  at  FT-08.  Additional  wells  were  installed 
by  UNC  Geotech  in  1988  and  by  O’Brien  and  Gere  in  1993.  Monitoring  well 
construction  details  and  groundwater  elevations  for  FT-08  monitoring  wells  are 
provided  in  Table  2.1.  Figure  2.6  shows  the  groundwater  surface  for  the  northern 
portion  of  Westover  ARB,  including  Site  FT-08,  in  April  1987. 

In  the  immediate  vicinity  of  the  site,  the  groundwater  flow  direction  is  to  the 
southeast,  while  the  local  groundwater  flow  direction  along  the  northern  boundary  of 
the  Base  is  generally  to  the  east.  Overall  the  depth  to  groundwater  is  4  to  6  feet  bgs 
(240  to  242  feet  msl)  throughout  the  year.  The  hydraulic  gradient  was  estimated  from 
the  April  1987  groundwater  elevations  at  0.002  foot  per  foot  (ft/ft)  in  the  upper 
portions  of  the  deltaic  outwash  aquifer.  The  relatively  flat  groundwater  gradient  can  in 
part  be  attributed  to  the  lack  of  influential  topography  present  at  the  site.  A  similarly 
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flat  gradient  is  suggested  by  the  1993  groundwater  elevation  data  (O’Brien  and  Gere, 
1993).  A  gradient  of  approximately  0.001  ft/ft  to  the  south-southeast  was  estimated, 
excluding  an  anomalous  groundwater  elevation  at  well  CF-6. 

The  authors  of  the  1991  RI  report  concluded  that  there  is  a  groundwater  divide  in 
the  vicinity  of  FT-08.  A  potential  effect  of  the  divide  is  that  a  contaminant  plume 
originating  from  this  location  may  diverge  in  several  directions,  and  the  magnitude  of 
the  divergence  may  be  complicated  due  to  seasonal  fluctuations  in  the  water  table 
(UNC  Geotech,  1991).  These  observations  were  derived  from  a  groundwater  model 
that  was  calibrated  to  the  measured  groundwater  hydraulic  heads  and  that  assumed 
recharge  from  100-percent  of  annual  precipitation.  While  a  groundwater  divide  may 
exist,  Parsons  ES  disagrees  with  the  model  assumption  that  100  percent  of  the  annual 
precipitation  recharges  the  aquifer. 

Using  pump  test  results  from  monitoring  well  CF-1A,  UNC  Geotech  (1991) 
estimated  the  outwash  transmissivity  to  be  1,150  square  feet  per  day  (ft2/day)  and 
storativity  to  be  approximately  0.01  (ft/ft).  The  results  from  single-well  slug  tests 
determined  the  range  of  site  hydraulic  conductivities  present  in  Table  2.2. 

TABLE  2.2 

AVERAGE  HYDRAULIC  CONDUCTIVITY 
VALUES  FOR  SITE  FT-08 
INTRINSIC  REMEDIATION  TS 
WESTOVER  ARB,  MASSACHUSETTS 


Well 

Hydraulic  Conductivity 

(ft/day) 

(ft/min) 

CF-1 

14 

0.0097 

CF-1A 

14 

0.0097 

CF-2 

24 

0.017 

CF-2A 

16 

0.011 

CF-3 

10 

0.0069 

CF-4 

2.6 

0.0018 

Source:  UNC  Geotech,  1991. 
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2. 1.2.3  Site  FT-03  Site  Geology  and  Hydrogeology 

_  The  soil  at  FT-03  consists  of  light-colored,  fine  to  medium  sands  which  range  in 
thickness  from  0  to  20  feet  and  were  classified  during  a  previous  ES  (1988) 
investigation  as  disturbed  base  material.  Underlying  the  surficial  soils  is  a  10-  to  40- 
foot-thick,  well-sorted,  interbedded  sand  and  sandy  gravel,  with  some  clean  coarse 
gravel  seams  present.  Below  the  sand  and  gravel  are  layers  of  fine  sand  and  silty  sand. 
At  approximately  80  feet  bgs,  lacustrine  varved  silts  and  clays  are  present  (O’Brien  and 
Gere,  1994).  These  sediments  are  up  to  40  feet  thick  and  consist  of  silts  and  clays  that 
form  an  aquitard.  Underlying  the  aquitard  unit  are  the  thin  glacial  till  and  Triassic 
bedrock  units  present  throughout  the  Chicopee  region.  Figure  2.7  shows  the  location 
of  the  geologic  cross  section  B-B’  which  is  presented  on  Figure  2.8. 

In  1986,  ES  (1988)  installed  monitoring  wells  TF-1  through  TF-6  and  obtained 
water  level  measurements.  Monitoring  wells  TF-7  and  TF-8  were  installed  by  UNC 
Geotech  in  1988,  and  monitoring  well  TF-11  was  installed  in  1993  by  O’Brien  and 
Gere.  Site  FT-03  monitoring  well  construction  details  and  groundwater  elevations  are 
provided  in  Table  2.3.  Figure  2.9  illustrates  the  groundwater  surface  and  flow 
direction  based  on  July  1993  data.  Groundwater  depth  at  the  site  is  generally  40  to  45 
feet  bgs,  and  the  flow  direction  is  to  the  south.  Single-well  slug  tests  conducted  by 
UNC  Geotech  on  wells  TF-1  and  TF-2  yielded  hydraulic  conductivities  of  4.5  and  12 
ft/day,  respectively.  The  site  hydraulic  gradient  is  relatively  steep,  at  about  0.07  ft/ft 
(UNC  Geotech,  1991). 

2.1.3  Summary  of  Analytical  Results  at  Site  FT-08 
2. 1.3.1  Soil  Gas  Survey 

In  1991,  UNC  Geotech  performed  a  soil  gas  survey  at  site  FT-08  using  a  gas 
chromatograph  calibrated  for  toluene.  The  results  were  then  used  to  select  the 
locations  of  additional  soil  borings  and  samples.  Eighty -eight  soil  gas  samples  were 
collected  over  an  800-  by  600-foot  grid.  The  results  of  the  soil  gas  survey  indicate  the 
presence  of  petroleum  hydrocarbons  in  specific  regions  of  the  site  (Table  2.4).  In  the 
UNC  Geotech  (1991)  report,  contradictory  information  is  presented  in  the  text  and 
figure  pertaining  to  the  soil  gas  survey.  Evaluation  of  the  data  suggests  that  the  soil 
gas  grid  in  the  figure  was  misplotted  by  approximately  200  feet.  A  reinterpretation  of 
the  soil  gas  grid  and  corresponding  results  are  presented  on  Figure  2. 10. 

As  shown  on  Figure  2.10,  high  concentrations  of  toluene  were  noted  at  grid 
locations  corresponding  to  suspected  source  areas.  The  highest  concentration  of 
toluene  in  the  soil  gas,  230,000  parts  per  billion  volume  per  volume  (ppbv),  was 
observed  at  a  location  corresponding  to  the  center  of  the  main  burn  pit.  Additional 
high  toluene  concentrations  (greater  than  2,000  ppbv)  were  observed  in  areas 
coinciding  with  the  burn  area.  High  toluene  soil  gas  concentrations  around  the  burn 
area  are  the  result  of  the  controlled  releases  associated  with  fire  training  activities.  The 
area  of  approximate  elevated  toluene  soil  gas  concentrations  trends  north-northwest 
across  the  burn  site  and  measures  approximately  400  feet  by  100  feet.  A  toluene  soil 
gas  concentration  of  127,500  ppbv  was  observed  at  the  location  of  the  abandoned  waste 
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TABLE  2.3 

SUMMARY  OF  WELL  INSTALLATION  DETAILS  AND 
GROUNDWATER  ELEVATION  DATA,  SITE  FT-03 

INTRINSIC  REMEDIATION  TS 
WESTOVER  ARB,  MASSACHUSETTS 
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TABLE  2.3  (CONTINUED) 

SUMMARY  OF  WELL  INSTALLATION  DETAILS  AND 
GROUNDWATER  ELEVATION  DATA,  SITE  FT-03 
INTRINSIC  REMEDIATION  TS 
WESTOVER  ARB,  MASSACHUSETTS 
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TABLE  2.4 

TOLUENE  SOIL  GAS  CONCENTRATIONS  MEASURED  AT  SITE  FT-08 
INTRINSIC  REMEDIATION  TS 
WESTOVER  ARB,  MASSACHUSETTS 


Northing 

Easting 

Toluene 

(ppbv)37 

800 

0 

25 

800 

100 

25 

800 

200 

25 

800 

300 

25 

800 

400 

25 

800 

500 

25 

800 

600 

25 

750 

50 

25 

750 

150 

25 

750 

250 

25 

750 

350 

25 

750 

450 

25 

750 

550 

25 

700 

0 

25 

700 

50 

25 

700 

100 

127500 

700 

200 

25 

700 

300 

25 

700 

400 

25 

700 

500 

25 

700 

600 

25 

650 

50 

25 

650 

150 

25 

650 

250 

25 

650 

350 

25 

650 

450 

25 

650 

550 

25 

600 

0 

25 

600 

100 

25 

600 

200 

800 

600 

300 

208 

600 

400 

25 

600 

500 

25 

600 

600 

25 

550 

50 

25 

550 

150 

25 

550 

250 

25 

550 

350 

25 

550 

450 

25 

550 

550 

38600 

500 

20 

25 

500 

100 

481 

500 

200 

69000 

500 

300 

2100 

Northing 

Easting 

Toluene 

(ppbv) 

500 

400 

7300 

500 

500 

3950 

500 

600 

25 

450 

50 

25 

450 

150 

25 

450 

250 

230000 

450 

350 

1900 

450 

450 

471 

450 

550 

25 

400 

0 

231 

400 

100 

335 

400 

200 

25 

400 

300 

25 

400 

400 

25 

400 

500 

25 

400 

600 

25 

300 

0 

177 

300 

100 

223 

300 

200 

150 

300 

300 

209 

300 

400 

196 

300 

500 

188 

300 

600 

25 

200 

0 

147 

200 

100 

25 

200 

200 

25 

200 

300 

25 

200 

400 

25 

200 

500 

25 

200 

600 

25 

100 

0 

25 

100 

100 

25 

100 

200 

25 

100 

300 

25 

100 

400 

25 

100 

500 

25 

100 

600 

25 

0 

0 

25 

0 

100 

25 

0 

200 

25 

0 

300 

25 

0 

400 

25 

0 

500 

25 

0 

600 

25 

Source:  UNC  Geotech,  1991. 

^  ppbv  =  parts  per  billion,  volume  per  volume. 
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fuel  tank.  The  high  soil  gas  toluene  concentrations  in  the  vicinity  of  the  abandoned 
waste  fuel  tank  may  have  resulted  from  tank  leakage  or  from  fuel  and  solvent  spills 
during  filling  of  the  tank. 

2.1.3.2  Soil  Sampling 

In  1986,  ES  drilled  and  sampled  four  shallow  test  borings  to  depths  of  15  feet  bgs 
and  analyzed  soil  samples  for  halogenated  and  aromatic  volatile  organic  compounds 
(VOC)  and  total  petroleum  hydrocarbons  (TPH).  UNC  Geotech  (1991)  installed  17 
soil  borings  using  a  hollow-stem  auger  drilling  rig  and  8  soil  borings  using  a  hand 
auger.  Soil  samples  for  laboratory  analysis  were  collected  from  19  of  these  boreholes. 
The  samples  were  collected  at  various  depths  and  analyzed  for  oil  and  grease,  benzene, 
toluene,  xylene,  and  a  carbon-9  through  carbon-32  scan.  In  1993,  12  additional  soil 
borings  were  installed  by  A&W  Environmental  Drilling  under  the  direction  of  O’Brien 
and  Gere  Engineers.  Split-spoon  samples  were  collected  from  up  to  10  feet  bgs  and 
screened  in  the  field  for  organic  vapors  in  accordance  with  the  Massachusetts 
Department  of  Environmental  Protection  (DEP)  Jar  Headspace  Analytical  Sampling 
Procedure  using  a  photoionization  detector  (PID).  Surface  samples  (0-2  feet)  were 
analyzed  for  gas  chromatography/mass  spectrometry  (GC/MS)  semi-volatile  organic 
compounds  (SVOC),  GC/MS  VOCs,  inductively  coupled  plasma  spectrometry  (ICP) 
metals,  graphite  furnace  lead,  and  soil  moisture.  Figure  2.11  and  Tables  2.5A,  2.5B, 
and  2.5C  are  summaries  of  sampling  locations  and  soil  analytical  data.  A  complete 
summary  of  analytical  data  from  site  FT-08  is  presented  in  appendix  B. 

The  analytical  results  for  soil  samples  from  the  drilled  soil  borings  and  the  hand- 
augered  borings  confirmed  the  results  of  the  soil  gas  survey.  The  data  indicate  that 
BTEX,  petroleum  hydrocarbons,  and  chlorinated  solvents  are  present  at  locations 
corresponding  to  the  former  waste  fuel  tank  and  the  bum  area.  Earlier  analytical 
results  of  contamination  were  difficult  to  interpret  due  to  inconsistent  data  collection 
and  reporting  between  the  1988  ES  and  the  1994  O’Brien  and  Gere  investigations. 
Trichloroethene  (TCE)  was  detected  in  the  burn  area  at  concentrations  ranging  from  2 
to  6  milligrams  per  kilogram  (mg/kg).  Total  BTEX  concentrations  of  up  to  440  mg/kg 
were  detected  in  samples  collected  from  the  burn  area.  A  BTEX  concentration  of  347 
mg/kg  was  detected  in  a  soil  sample  collected  adjacent  to  the  waste  fuel  tank.  High 
BTEX  concentrations  in  soil  samples  coincide  with  the  locations  of  soil  staining 
observed  at  the  site.  In  general,  the  data  indicate  contamination  in  the  bum  area  and 
the  vicinity  of  the  former  waste  tank. 

2. 1.3.3  Groundwater  Sampling 

During  the  Phase  II,  Stage  2  field  investigations  by  ES  (1988),  two  monitoring  well 
pairs  (CF-1,-1A  and  CF-2,-2A)  were  installed.  Wells  CF-1  and  CF-1A  were  installed 
upgradient  from  FT-08.  Wells  CF-2  and  CF-2A  were  installed  within  the  burn  area. 
Wells  CF-3  and  CF-4,  also  installed  by  ES,  were  placed  in  and  northeast  of  the  bum 
area,  respectively.  UNC  Geotech  (1991)  installed  monitoring  wells  CF-5,  CF-6,  and 
CF-7.  CF-7  is  a  4-inch  pumping  well  upgradient  of  the  Current  Fire  Training  Area, 
near  existing  monitor  well  CF-1A,  and  was  used  as  an  observation  well  for  the 
pumping  test  performed  by  UNC  Geotech  in  1991.  In  1993,  O’Brien  and  Gere  (1994) 
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TABLE  2.5  A 

SUMMARY  OF  ES  (1988)  SOIL  ANALYTICAL  DATA 
SITE  FT-08 

INTRINSIC  REMEDIATION  TS 
WESTOVER  ARB,  MASSACHUSETTS 


2-23 


L:\45028\tables\BTEXSOI  L.XLS4/7  /95 


«  ^00 

Ifl  H  O 

w  jh  fe  : 

53  3s 

o 

w 

o 

u 

S 

to 

o 

>1 


si® 

mo  m  g 


§  2  °  ^ 
2  S  z  8  z 


<  o  ». 

z  3  S 


<  ®  &  C  <C  2  £ 

z  3  s  zzo!: 


o  o 

O  <£  <£  o  o  o 

00  ^  O  O  NO 

m  Zh  <n  (N  o  H 


o  <<  << 
>o  S  2 

in  A 


<<$  <<;<;« 

ZZZZ  Z  Z  Z  Z  Z  Z  Z 


at 


i  .  m  o  o  CN 

On  CS  m  m  CO 

Tj>  (S  H  (N  H 


.  — <  o 

O  ON  00 


W  2  ^  2  «o  c- 


ShO^t 

Q  f— I  T$"  f-H 

o  ^  ^  '"' 


^OOqq 

SohS 

X  <N  <N  1 


<  o  C-. 

Z  -1 


iz  H  H 


VO  OD  i-H 

M  (S  n  't 


h  OO  h  H 

in  ^  in  on 


<  <  s  < 

ZZNZ 


<n  ^  in 
^  ^  m 


<!  h  O  (N 
m  ^  r-i 


^  <  3 


zzz 


tttt 


<5  <2  ON 
2  2  ^ 


CN  On  ***[  (vi  •— • 

On  in  M  on  ^ 

vd  o'  o* 


§  vo  n 
^  o 


o  o  rsj 
mm  ■  I 


on  <!  O  <N  < 
o  2  ^  ^  2 


s  O  O  ~ 

(N  (N  H 

o  ^  ^  o 


C  <  < 
2  2  2 


•n  ^  < 

<s  Z  Z 


0 

2.5 

3 

5 

o 

O  2 

«->  2 

0 

5 

10 

O  m 

ON 

o 

fH 

r— ( 

CN 

f-H 

£ 

c 

H 

<: 

H 

< 

H 

<: 

H 

<; 

H 

o 

E 

o 

u 

O 

b 

b 

2-24 


L:\45028\workplan\btxsoil2.xls 


©  a 
w  , 

&  sj 
So 

H  H  9 

O  9\  Lj 


s  §  < 


•n  o  <3  <3  <3 

vo  8  2  z  £  222 


oo  CO  _ 

rn  2  3  ^ 


^  rr 
2  ^ 


2  «  < 
->  ^  2 


Tf 

<N  m  ^ 
cn  ^  d 


«3  <3 

Z  £ 


<3  <N  g  m  <3 
2  ^  2  <n  2 

Tt 


i  £  z  S 


3  ^  <3 

d  °  ^ 


O  M  Tt*  \a  O  I o 


<3  c 

&  & 

u  o 


<3  <3  <3 
£  £  £ 


tn  <3  <3  <1 
«■  o  £  £  £ 


c\  oo  vo  n 


„  »0  On 

CO  M  fsl  fN 

n  00  ^  • 

O  O 


co  ^  m  •— i  <J  <3  <3 
^  H  00  g  vivo^  £  Z 


<3  <  <3  ^  oo  <3  3 
^—3  3Z  Z<  ^  ’  4  Z*  d 


<3  <3  3  <3  <3  <3  o  oo  Z3  ^ 

Z  Z  ^  d  £  £  £  ^  ^  n  n 


3  z  z  z 


zz*z 


<J  o  u 


CO  Tt 
CN  <N 


u  u 


2-25 


Source:  UNC  Geotech,  1991. 

37  Values  are  the  maximum  sample  concenrations  at  given  depth. 
b/NA  =  Information  is  not  available. 
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installed  monitoring  well  CF-8.  At  the  time  O’Brien  and  Gere  developed  CF-8,  they 
redeveloped  wells  CF-2  through  CF-7. 

Groundwater  samples  were  collected  in  1986,  1991,  and  1993,  and  analyzed  by  one 
or  more  of  the  following  methods:  BTEX,  TPH,  ICP  metals,  total  dissolved  solids, 
VOCs,  SVOCs.  A  summary  of  the  laboratory  analytical  results  for  the  groundwater 
samples  is  presented  in  Table  2.6.  Figure  2.12  is  a  map  of  Site  FT-08  depicting 
monitoring  well  locations  and  BTEX  contamination  levels. 

The  highest  BTEX  concentrations  were  detected  in  groundwater  samples  collected  at 
wells  CF-2  A  and  CF-3,  with  reported  concentrations  of  5,400  and  6,850  micrograms 
per  liter  (pg/L),  respectively.  Both  wells  are  located  within  the  bum  area.  A  TCE 
concentration  of  11,000  pg/L  was  also  observed  in  a  sample  from  well  CF-3.  Total 
BTEX  and  TCE  concentrations  have  not  exceeded  10  pg/L  in  groundwater  samples 
from  any  other  Site  FT-08  wells.  BTEX  and  TCE  were  not  detected  in  groundwater 
samples  collected  from  the  three  upgradient  wells. 

The  groundwater  BTEX  results  correspond  fairly  well  with  the  results  of  the  soil  gas 
and  soil  sampling.  The  data  suggest  that  the  plume  originates  in  and  is  generally 
confined  to  the  burn  area.  Given  the  estimated  site  groundwater  velocity,  there  has 
been  adequate  time  for  the  plume  to  reach  CF-8,  the  furthest  downgradient  well. 
However,  VOC  concentrations  were  not  detected  in  the  groundwater  sample  collected 
from  this  well.  A  sample  from  well  CF-6,  located  less  than  200  feet  downgradient 
from  the  burn  pit,  had  concentrations  of  1.4  pg/L  total  BTEX  and  1.5  pg/L  TCE. 
Contamination  also  appears  to  be  confined  to  the  shallow  groundwater  zones. 
Groundwater  in  the  deep  monitoring  well  CF-2  has  not  contained  contaminates  detected 
in  the  adjacent  shallow  groundwater  well  CF-2  A. 

2. 1.3.4  Electrical  Resistivity  Surveys 

In  1986  ES  (1988)  performed  a  series  of  soil  electrical  resistivity  (ER)  surveys  at 
FT-08.  The  FT-08  surveys  were  interpreted  with  and  correlated  to  well  logs  and  other 
site  information.  The  data  suggest  that  areas  of  low  soil  resistivity  may  be  the  result  of 
groundwater  contamination.  The  ER  profile  contour  map  for  the  25 -foot  sounding 
illustrates  soil  ER  values  of  500  Ohm-feet  in  the  center  of  the  burn  area,  and  a 
triangular  anomaly  of  1,000  Ohm-feet  surrounding  the  burn  area  (Figure  2.13).  The 
areas  of  low  resistivity  extend  in  a  southeasterly,  direction  which  may  indicate  a 
contaminant  plume  migrating  in  that  direction.  Deeper  soundings  produced  similar 
results  (ES,  1988).  A  30-foot  sounding  performed  near  the  buried  fuel  line  and 
abandoned  waste  fuel  tank  did  not  identify  abnormal  ER  signatures  (ES,  1988). 

2.1.4  Summary  of  Analytical  Results  for  Site  FT-03 
2. 1.4.1  Soil  Gas  Survey 

UNC  Geotech  (1991)  conducted  a  toluene  soil  gas  survey  for  their  RI/FS  report 
using  a  gas  chromatograph  to  analyze  56  soil  samples  collected  over  a  300-  by  600-foot 
grid  (Table  2.7).  Figure  2.14  shows  the  UNC  Geotech  (1991)  soil  gas  results 
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TABLE  2.7 

TOLUENE  SOIL  GAS  CONCENTRATIONS  MEASURED  AT  SITE  FT-03 

INTRINSIC  REMEDIATION  TS 
WESTOVER  ARB,  MASSACHUSETTS 
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reproduced  on  an  O’Brien  and  Gere  (1994)  site  map  for  FT-03.  This  was  required 
because  the  Site  FT-03  figures  in  the  UNC  Geotech  report  were  produced  using  an 
inaccurate  scale.  High  concentrations  of  toluene  (greater  than  2,000  ppbv)  were  found 
in  three  areas  of  the  site.  The  locations  of  high  toluene  soil  gas  correspond  with 
locations  where  fire  training  activities  were  conducted.  The  highest  toluene  soil  gas 
concentration  was  93,000  ppbv  in  the  southern  portion  of  the  site  (Figure  2.14).  In 
general,  the  area  and  concentrations  of  toluene  soil  gas  contamination  are  smaller  than 
at  FT-08. 

2. 1.4.2  Soil  Sampling 

In  1986,  ES  (1988)  placed  three  soil  borings  to  depths  of  15  feet  bgs  and  analyzed 
soil  samples  for  halogenated  and  aromatic  VOCs.  UNC  Geotech  (1991)  installed  an 
additional  19  soil  borings  using  a  hollow-stem  auger  drill  rig  and  a  hand  auger.  The 
samples  were  analyzed  for  oil  and  grease,  benzene,  toluene,  xylene,  and  a  kerosene- 
range  (C9-C32)  organic  scan.  In  1993,  13  soil  borings  were  installed  by  A&W 
Environmental  Drilling  under  the  direction  of  O’Brien  and  Gere  Engineers  (1994). 
Split  spoon  samples  were  collected  from  0  to  2  feet,  3  to  5  feet,  8  to  10  feet,  18  to  20 
feet  bgs,  and  at  the  top  of  the  saturated  zone  approximately  38  to  40  feet  bgs.  The 
samples  were  screened  in  the  field  for  organic  vapors.  Zero-  to  2-foot  and  18-  to  20- 
foot  samples  were  analyzed  in  a  laboratory  for  GC/MS  SVOCs,  GC/MS  VOCs,  ICP 
metals,  graphite  furnace  lead,  organochlorine  pesticides,  Polychlorinated-biphenyls 
(PCB),  TPH,  nitrogen,  ammonia,  and  soil  moisture.  A  8-  to  10-foot  soil  sample  was 
taken  from  8  to  10  feet  bgs  near  the  underground  jet  fuel  pipeline  and  analyzed  for 
VOCs  and  TPH  because  it  exhibited  staining  and  elevated  organic  vapor  readings. 

FT-08  soil  sampling  data  from  the  ES  (1988)  and  UNC  Geotech  (1991)  reports  were 
not  available  at  the  time  this  document  was  produced;  however,  the  1993  and  1994 
O’Brien  and  Gere  soil  analytical  data  are  summarized  in  Table  2.8.  O’Brien  and  Gere 
(1994)  analytical  results  did  not  identify  significant  soil  contamination  within  the  bum 
area  or  topographically  downgradient  in  Chicopee  Memorial  State  Park.  Only  one 
elevated  BTEX  concentration  was  detected  in  soil  samples  collected  during  the  1993 
and  1994  investigations.  Total  BTEX  was  detected  at  3.5  mg/kg  in  a  sample  from  8  to 
10  feet  bgs  sample  from  boring  SB-9.  This  boring  was  located  south  of  the 
underground  jet  fuel  pipeline  north  of  the  burn  area.  Upon  further  review,  O’Brien 
and  Gere  (1994)  assumed  on  the  basis  of  boring  location  and  the  observed  conditions 
that  the  contamination  is  not  associated  with  FT-03. 

Studies  at  FT-03  prior  to  the  O’Brien  and  Gere  (1994)  investigation  have,  however, 
identified  oil  and  grease  and  petroleum-related  compounds  in  shallow  soil  from  the 
burn  area.  Contamination  was  reported  to  be  present  in  soils  from  the  surface  to  a 
depth  of  up  to  10  feet  bgs.  Oil  and  Grease  data  are  presented  in  Figure  2.15.  The  area 
of  elevated  oil  and  grease  contamination  corresponds  to  the  burn  area  and  the  area  of 
elevated  toluene  soil  gas  concentrations. 
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TABLE  2.8 

IARY  OF  SOIL  ANALYTICAL  DATA 
SITE  FT-03 

INTRINSIC  REMEDIATION  TS 
WESTOVER  ARB,  MASSACHUSETTS 
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FIGURE  2.15 
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2. 1.4.3  Site  FT-03  Groundwater 


As  part  of  the  field  investigations  for  the  1988  ES  report,  6  monitoring  wells  (TF-1, 
TF-1A,  TF-2,  TF-2A,  TF-3,  and  TF-4)  were  installed  and  two  rounds  of  groundwater 
samples  were  collected.  The  groundwater  samples  were  analyzed  for  purgeable 
aromatics,  purgeable  halocarbons,  and  TPH.  UNC  Geotech  (1991)  installed  two 
groundwater  monitoring  wells,  TF-5  and  TF-6,  at  FT-03,  and  two  additional 
groundwater  monitoring  wells,  TF-7  and  TF-8,  south  of  the  Base  in  Chicopee 
Memorial  State  Park.  Groundwater  samples  from  the  new  and  existing  wells  were 
analyzed  for  VOCs,  SVOCs,  inorganic  compounds,  metals,  and  total  dissolved  solids. 
In  1993,  A&W  Environmental  Drilling  under  the  direction  of  O’Brien  and  Gere, 
installed  one  monitoring  well,  TF-11,  to  further  define  the  downgradient  edge  of  the 
contaminant  plume  (O’Brien  and  Gere,  1994).  Groundwater  samples  were  collected 
from  TF-1A,  -2A,  -5,  -7,  -8,  and  -11,  and  analyzed  for  total  dissolved  solids,  GC/MS 
SVOCs,  GC/MS  VOCs,  ICP  metals,  graphite  fiimace  lead,  organochlorine  pesticides, 
PCBs,  TPH,  and  nitrogen-ammonia.  Groundwater  sampling  results  from  the  ES  (1988) 
and  UNC  Geotech  (1991)  reports  were  not  available  at  the  time  this  document  was 
produced;  however,  the  1993  and  1994  O’Brien  and  Gere  groundwater  results  are 
presented  in  Table  2.9  and  on  Figure  2.16. 

The  highest  concentrations  of  total  BTEX  and  chlorinated  solvents  have  been 
consistently  detected  in  groundwater  samples  from  well  TF-2A,  a  shallow  well  located 
near  the  center  of  the  burn  area.  In  1993,  the  total  BTEX  concentration  was  2,690 
pg/L;  however,  the  concentration  decreased  to  640.6  pg/1  in  1994.  Chlorinated  solvent 
concentrations  [composed  entirely  of  1 ,2-dichloroethene  (DCE)]  also  decreased  from 
44  pg/L  to  26  pg/L  between  the  1993  and  1994  sampling  events.  Four  downgradient 
wells  (TF-5,  TF-7,  TF-8,  and  TF-11)  were  sampled  in  1993  and  1994.  Total  BTEX 
was  detected  in  all  four  1993  groundwater  samples,  and  in  all  1994  groundwater 
samples  except  those  collected  from  TF-7  and  TF-8.  These  two  wells  are  located  the 
furthest  downgradient  from  the  former  burn  area,  at  Chicopee  Memorial  State  Park. 
Chlorinated  solvents  were  detected  in  all  1993  and  1994  samples  from  three  of  the  four 
downgradient  wells,  TF-5,  -8,  and  -11.  The  data  indicate  that  the  plume  extends 
toward  the  Chicopee  Memorial  State  Park,  and  that  the  plume  may  be  decreasing  in 
size  and  concentration.  Additional  groundwater  data  are  required  to  confirm  that  the 
plume  is  receding.  Neither  total  BTEX  or  chlorinated  solvents  were  detected  in  the 
groundwater  samples  collected  from  TF-1A,  the  upgradient  well  sampled  in  1993  and 
1994.  O’Brien  and  Gere  (1994)  reported  that  previous  studies  have  shown  that  VOC 
contamination  has  not  migrated  vertically  from  the  shallow  groundwater. 

2. 1.4.4  ELECTRICAL  RESISTIVITY  SURVEYS 

In  1986  ES  (1988)  performed  a  series  of  soil  electrical  resistivity  (ER)  surveys  at  FT- 
03:  however,  the  results  of  the  FT-03  surveys  were  not  available  at  the  time  this 
document  was  produced. 
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TABLE  2.9 

SUMMARY  OF  GROUND  WATER  ANALYTICAL  DATA 
SITE  FT-03 

INRINSIC  REMEDIATION  TS 
WESTOVER  ARB,  MASSACHUSETTS 
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2.2  DEVELOPMENT  OF  CONCEPTUAL  MODELS 


A  conceptual  model  is  a  three-dimensional  representation  of  a  site  hydrogeologic 
system  based  on  available  geological,  hydrological,  climatological,  and  geochemical 
data.  A  site  conceptual  model  is  developed  to  provide  an  understanding  of  the 
mechanisms  controlling  contaminant  fate  and  transport  and  to  identify  additional  data 
requirements.  The  model  describes  known  and  suspected  sources  of  contamination, 
types  of  contamination,  affected  media,  and  contaminant  migration  pathways.  The 
model  also  provides  a  foundation  for  formulating  decisions  regarding  additional  data 
collection  activities  and  potential  remedial  actions.  The  conceptual  models  for  FT-08 
and  FT-03  will  be  used  to  aid  in  selecting  additional  data  collection  points  and  to 
identify  appropriate  data  needs  for  modeling  chlorinated  solvent  and  hydrocarbon 
degradation  using  groundwater  flow  and  solute  transport  models. 

Successful  conceptual  model  development  involves: 

•  Defining  the  problem  to  be  solved; 

•  Integrating  available  data,  including 

-  Local  geologic  and  topographic  data, 

-  Hydraulic  data, 

-  Site  stratigraphic  data, 

-  Contaminant  concentration  and  distribution  data; 

•  Evaluating  contaminant  fate  and  transport  characteristics; 

•  Identifying  contaminant  migration  pathways; 

•  Identifying  potential  receptors;  and 

•  Determining  additional  data  requirements. 

2.2.1  Intrinsic  Remediation  and  Groundwater  Flow  and  Solute  Transport  Models 

After  a  site  has  been  adequately  characterized,  fate  and  transport  analyses  can  be 
performed  to  determine  the  potential  for  contaminant  migration  and  whether  any 
pathway  for  exposure  of  human  or  ecological  receptors  to  site  contaminants  may  be 
complete.  Groundwater  flow  and  solute  transport  models  have  proven  useful  for 
predicting  BTEX  plume  migration  and  contaminant  attenuation  by  natural 
biodegradation.  Analytical  solute  transport  models  and  the  Bioplume  II  numerical 
model  (Rifai  et  al.,  1988)  can  be  used  to  evaluate  critical  groundwater  fate  and 
transport  processes  that  may  be  involved  in  some  of  the  migration  pathways  to  human 
and  ecological  receptors.  Quantitative  fate  and  transport  analyses  can  be  used  to 
determine  what  level  and  extent  of  remediation  is  required. 

An  accurate  estimate  of  the  potential  for  natural  biodegradation  of  BTEX 
compounds  in  groundwater  is  important  to  consider  when  determining  whether  fuel 
hydrocarbon  contamination  presents  a  substantial  threat  to  human  health  and  the 
environment,  and  when  deciding  what  type  of  remedial  alternative  will  be  most  cost 
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effective  in  eliminating  or  abating  these  threats.  Over  the  past  two  decades,  numerous 
laboratory  and  field  studies  have  demonstrated  that  subsurface  microorganisms  can 
degrade  a  variety  of  hydrocarbons  (Lee,  1988).  This  process  occurs  naturally  when 
sufficient  oxygen  (or  other  electron  acceptors)  and  nutrients  are  available  in  the 
groundwater.  The  rate  of  natural  biodegradation  is  generally  limited  by  the  lack  of 
oxygen  (or  other  electron  acceptors)  rather  than  by  the  lack  of  nutrients  such  as 
nitrogen  or  phosphorus.  The  supply  of  oxygen  to  unsaturated  soil  is  constantly 
renewed  by  the  vertical  diffusion  from  the  atmosphere.  The  supply  of  oxygen  to  a 
shallow,  fuel-contaminated  aquifer  is  constantly  renewed  by  the  influx  of  oxygenated, 
upgradient  flow  and  the  vertical  diffusion  of  oxygen  from  the  unsaturated  soil  zone  into 
the  groundwater  (Borden  and  Bedient,  1986).  The  rate  of  natural  biodegradation  in 
unsaturated  soil  and  shallow  aquifers  is  largely  dependent  upon  the  rates  at  which 
oxygen  and  other  electron  acceptors  enter  the  contaminated  media. 

2.2.2  Biodegradation  of  Dissolved  BTEX  Contamination 

The  positive  effect  of  nature  attenuation  (e.g.,  advection,  dispersion,  sorption,  and 
biodegradation)  processes  on  reducing  the  actual  mass  of  fuel-related  contamination 
dissolved  in  groundwater  has  been  termed  intrinsic  remediation.  Advantages  of 
intrinsic  remediation  include:  (1)  contaminants  are  transformed  to  innocuous 
byproducts  (e.g.,  carbon  dioxide  and  water),  not  just  transferred  to  another  phase  or 
location  within  the  environment;  (2)  current  pump-and-treat  technologies  are  energy 
intensive  and  generally  not  as  effective  in  reducing  residual  contamination;  (3)  the 
process  is  nonintrusive  and  allows  continuing  use  of  infrastructure  during  remediation; 
(4)  current  engineered  remedial  technologies  may  pose  a  greater  risk  to  potential 
receptors  than  intrinsic  remediation  because  contaminants  may  be  transferred  into  the 
atmosphere  during  remediation  activities;  and  (5)  intrinsic  remediation  is  far  less  costly 
than  conventional,  engineered  remedial  technologies. 

To  estimate  the  impact  of  natural  attenuation  on  the  fate  and  transport  of  BTEX 
compounds  dissolved  in  groundwater  at  a  site,  two  important  lines  of  evidence  must  be 
demonstrated  (Wiedemeier  et  al.,  1995).  The  first  is  a  documented  loss  of 
contaminants  at  the  field  scale.  Dissolved  concentrations  of  biologically-recalcitrant 
tracers  found  in  most  fuel  contamination  are  used  in  conjunction  with  aquifer 
hydrogeologic  parameters  such  as  groundwater  seepage  velocity  and  dilution  to 
demonstrate  that  a  reduction  in  contaminant  mass  is  occurring  at  the  site.  The  second 
line  of  evidence  involves  the  use  of  chemical  analytical  data  in  mass-balance 
calculations  to  show  that  areas  with  BTEX  contamination  can  be  correlated  to  areas 
with  depleted  electron  acceptor  (e.g.,  oxygen,  nitrate,  and  sulfate)  concentrations  and 
increases  in  metabolic  fuel  degradation  byproduct  concentrations  (e.g.,  methane  and 
ferrous  iron).  With  this  site-specific  information,  groundwater  flow  and  solute 
transport  models  can  be  used  to  simulate  the  fate  and  transport  of  dissolved  BTEX 
compounds  under  the  influence  of  the  process  of  natural  attenuation. 

Analytical  and  numerical  models  are  available  for  modeling  the  fate  and  transport  of 
fuel  hydrocarbons  under  the  influence  of  advection,  dispersion,  sorption,  and  natural 
aerobic  and  anaerobic  biodegradation.  Analytical  models  derived  from  advection- 
dispersion  equations  and/or  the  Bioplume  II  numerical  model  will  be  used  as 
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appropriate.  The  analytical  solute  transport  models  are  derived  from  advection- 
dispersion  equations  given  by  Wexler  (1992)  and  Van  Genuchten  and  Alves  (1982). 
These  models  provide  exact,  closed-form  solutions  and  are  appropriately  used  for 
relatively  simple  hydrogeologic  systems  that  are  homogeneous  and  isotropic.  Each 
model  is  capable  of  simulating  advection,  dispersion,  sorption,  and  biodegradation  (or 
any  first-order  decay  process).  These  models  can  simulate  continuous  or  decaying 
sources.  A  continuous  source  model  is  useful  for  determination  of  the  worst-case 
distribution  of  the  dissolved  contaminant  plume.  A  decaying  source  model  is  useful  for 
simulating  scenarios  including  natural  weathering  processes  source  removal  with  an 
engineered  solution. 

The  Bioplume  II  numerical  model  is  based  upon  the  US  Geological  Survey  (USGS) 
two-dimensional  (2-D)  solute  transport  model,  which  has  been  modified  to  include  a 
biodegradation  component  that  is  activated  by  a  superimposed  plume  of  dissolved 
oxygen.  Bioplume  II  solves  the  USGS  2-D  solute  equation  twice,  once  for 
hydrocarbon  concentrations  in  the  groundwater  and  once  for  a  dissolved  oxygen  plume. 
The  two  plumes  are  then  combined  using  superimposition  at  every  particle  move  to 
simulate  biological  reactions  between  fuel  products  and  oxygen.  If  appropriate, 
biodegradation  of  contaminants  by  anaerobic  processes  is  simulated  using  a  first-order 
anaerobic  decay  rate. 

2.2.3  Initial  Conceptual  Models 

2.2.3. 1  Site  FT-08 

Site  FT-08  geologic  data  were  previously  integrated  to  produce  a  geologic  cross- 
section  of  the  site.  Cross-section  A  -  A’  (Figure  2.5)  shows  the  dominant 
hydrostratigraphic  units  present  at  the  site  and  the  position  of  the  water  table.  Figure 
2.6  is  a  groundwater  surface  map  prepared  using  1987  groundwater  elevation  data  (ES, 
1988). 

Groundwater  is  present  approximately  5  feet  bgs  in  the  sand  and  gravel  deposits  in 
the  vicinity  of  the  site,  and  it  flows  to  the  southeast.  The  relatively  low  hydraulic 
gradient  inhibits  groundwater  movement.  The  deeper  till  and  bedrock  aquifers  do  not 
receive  any  vertical  recharge  due  to  the  thick  sequence  of  varved  clay  and  silt  deposits 
below  the  sand  and  gravel  aquifer.  On  the  basis  of  the  available  data,  Parsons  ES  will 
model  the  site  as  an  unconfined,  fine-  to  coarse-grained  sand  and  gravel  aquifer.  This 
conceptual  model  will  be  modified  as  necessary  as  additional  site  hydrogeologic  data 
become  available. 

Light  nonaqueous-phase  liquid  (LNAPL)  is  not  believed  to  be  present  at  FT-08. 
However,  if  LNAPL  is  encountered,  it  may  be  necessary  to  use  the  fuel/water 
partitioning  models  of  Bruce  et  al.  (1991)  or  Cline  et  al.  (1991)  to  provide  a 
conservative  source  term  to  model  the  partitioning  of  BTEX  from  the  free-product 
phase  into  the  groundwater.  In  order  to  use  one  of  these  models,  samples  of  free 
product  will  be  collected  and  analyzed  for  mass  fraction  of  BTEX.  If  LNAPL  is 
present,  Parsons  ES  will  attempt  to  collect  groundwater  samples  from  immediately 
below  the  LNAPL  layer,  if  possible. 
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The  chemicals  of  concern  in  groundwater  at  FT-08,  BTEX  and  chlorinated  solvents, 
will  be  the  primary  focus  of  this  intrinsic  remediation  study  because  of  their  regulatory 
importance.  The  Bioplume  II  model  will  be  used  to  simulate  the  degradation  of  these 
chemicals  at  FT-08  and  will  be  used  to  predict  the  concentrations  and  extent  of  the 
contaminant  plume  in  the  groundwater  over  time. 

The  chemicals  of  concern  for  the  site  are  expected  to  leach  from  contaminated  soil, 
which  contains  fuel  and  chlorinated  solvent  residuals,  into  the  groundwater  and  to 
migrate  downgradient  as  a  dissolved  contaminant  plume.  In  addition  to  the  effects  of 
mass  transport  mechanisms  (volatilization,  dispersion,  diffusion,  and  adsorption),  these 
dissolved  contaminants  will  likely  be  removed  from  the  groundwater  system  by 
naturally  occurring  destructive  attenuation  mechanisms,  such  as  biodegradation  or 
cometabolism.  The  effects  of  these  fate  and  transport  processes  on  the  dissolved 
groundwater  plume  will  be  investigated  using  the  quantitative  groundwater  analytical 
data  and  the  solute-transport  models.  Data  collection  and  analysis  requirements  are 
discussed  in  Section  3  of  this  work  plan. 

2.23.2  Site  FT-03 

Previously  collected  data  indicate  Site  FT-03  groundwater  to  be  approximately  40 
feet  bgs  and  flowing  to  the  south  towards  Chicopee  Memorial  State  Park.  Cross- 
section  B-B’  (Figure  2.8)  shows  the  depth  to  groundwater  relative  to  the  subsurface 
hydrostratigraphic  units.  Figure  2.9  is  a  groundwater  contour  map  of  the  site  using 
water  level  data  from  July  1993.  The  shallow  groundwater  occurs  in  the  fine  sands 
above  the  varved  lacustrine  silt  and  clay  deposits.  Migration  of  contamination  to  the 
deep  Triassic-age  bedrock  aquifer  is  not  likely,  due  to  the  varved  clay  aquitard  between 
the  shallow  and  deep  aquifers.  On  the  basis  of  the  available  data,  Parsons  ES  will 
model  the  site  as  an  unconfined,  fine  silty  sand  to  fine  sand  aquifer.  This  conceptual 
model  will  be  modified  as  necessary  as  additional  site  hydrogeologic  data  become 
available. 

LNAPL  is  not  believed  to  be  present  at  Site  FT-03  site.  However,  if  it  is 
encountered,  it  may  be  necessary  to  use  the  fuel/water  partitioning  models  of  Bruce  et 
al.  (1991)  or  Cline  et  al.  (1991)  to  provide  a  conservative  source  term  to  model  the 
partitioning  of  BTEX  compounds  from  the  free-product  phase  into  the  groundwater.  In 
order  to  use  one  of  these  models,  samples  of  product  will  be  collected  and  analyzed  for 
mass  fraction  of  BTEX  compounds.  If  LNAPL  is  present.  Parsons  ES  will  attempt  to 
collect  groundwater  samples  from  immediately  below  the  LNAPL  layer,  if  possible. 

The  chemicals  of  concern  in  groundwater  at  FT-03  include  BTEX  and  chlorinated 
solvents,  all  of  which  will  be  the  focus  of  this  intrinsic  remediation  study  because  of 
their  regulatory  importance.  Analytical  groundwater  flow  and  solute  transport  models 
will  be  used  to  simulate  the  migration  and  degradation  of  the  chemicals  of  concern  at 
FT-03  and  will  be  used  to  predict  the  concentration  and  extent  of  the  groundwater 
contaminant  plume  over  time. 

The  chemicals  of  concern  for  the  site  are  expected  to  leach  from  contaminated  soil, 
which  may  contain  fuel  and  chlorinated  solvent  residuals,  into  the  groundwater  and 
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migrate  downgradient  as  a  dissolved  contaminant  plume.  In  addition  to  the  effects  of 
mass  transport  mechanisms  (volatilization,  dispersion,  diffusion,  and  adsorption),  these 
dissolved  contaminants  will  likely  be  removed  from  the  groundwater  system  by 
naturally  occurring  destructive  attenuation  mechanisms,  such  as  biodegradation  or 
cometabolism.  The  effects  of  these  fate  and  transport  processes  on  the  dissolved 
groundwater  plume  will  be  investigated  using  the  quantitative  groundwater  analytical 
data  and  analytical  groundwater  flow  and  solute  transport  models.  Data  collection  and 
analysis  requirements  are  discussed  in  Section  3  of  this  work  plan. 

2.2.4  Potential  Pathways  and  Receptors 

Potential  preferential  contaminant  migration  pathways  such  as  groundwater 
discharge  points  and  subsurface  utility  corridors  (artificial  conduits)  will  be  identified 
during  the  field  work  phase  of  this  project.  The  primary  potential  migration  path  for 
contaminants  at  both  sites  is  from  the  remaining  contaminated  soils  at  the  site  to  the 
groundwater,  and  from  the  groundwater  to  potential  receptors  via  consumption  or 
incidental  contact. 

2.2.4.1  Site  FT-08 

Shallow  groundwater  beneath  FT-08  flows  toward  the  southeast.  There  are  no 
known  operating  potable  or  nonpotable  water  wells  (other  than  monitoring  wells) 
located  within  considerable  distance  from  the  site.  Surface  drainage  by  overland  flow 
from  the  site  is  to  the  north  and  northwest  toward  Stony  Creek,  which  flows  northward 
toward  the  Connecticut  River.  Because  the  site  is  secured  by  fencing  and  is  isolated  in 
a  low-use  area  of  the  Base,  flora  and  fauna  are  the  probable  receptors  of  any  soil, 
surface  water,  or  sediment  contamination. 

The  potential  for  exposure  to  contaminated  water  originating  from  the  site  through 
ingestion  is  low  because  Base  access  is  restricted  and  Base  drinking  water  does  not 
come  from  wells  located  near  the  Site  FT-08.  There  are  residential  areas  near  the  Base 
and  several  trailer  parks,  but  their  water  is  supplied  from  the  city  water  system.  Some 
local  residents  rely  on  water  from  wells  in  the  shallow  unconfined  aquifer,  but  the 
closest  such  domestic  wells  are  located  several  miles  downgradient  from  the  FT-08  site. 

2.2.4.2  Site  FT-03 

Shallow  groundwater  at  FT-03  flows  south.  There  are  no  known  operating  potable 
or  nonpotable  water  wells  located  downgradient  within  considerable  distance  of  the 
site.  Chicopee  Reservoir  is  located  approximately  0.4  mile  downgradient  from  the  site. 
Contaminated  groundwater  flow  into  the  reservoir  or  the  adjacent  Cooley  Brook  is  a 
potentially  complete  migration  pathway.  In  1994,  BTEX  compounds  were  detected  in 
the  downgradient  monitoring  well  TF-8,  located  in  Chicopee  Memorial  State  Park. 
This  well  appears  to  represent  the  downgradient  edge  of  the  contaminant  plume 
(O’Brien  and  Gere,  1995). 

The  potential  for  exposure  to  site  contaminated  drinking  water  supplies  is  low 
because  at  present,  the  contaminant  plume  has  not  reached  Chicopee  reservoir  or 
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Cooley  Brook.  Also,  Chicopee  Reservoir  is  used  for  recreation,  and  is  not  a  potable 
water  supply.  If  contamination  of  the  reservoir  were  to  occur,  there  would  be  a  low 
potential  for  exposure  to  dilute  site  contaminants.  Overland  flow  and  contamination 
from  the  site  may  also  contaminate  Cooley  Brook  and  the  Reservoir.  Because  the  site 
is  fenced,  flora  and  fauna  are  the  probable  receptors  of  any  soil,  surface  water,  or 
sediment  contamination  on  Base.  Off-Base  potential  receptors  include  Chicopee 
Memorial  State  Park  visitors,  vegetation,  and  native  state  park  animals  and  fish. 
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SECTION  3 


COLLECTION  OF  ADDITIONAL  DATA 


To  complete  the  TS  and  to  demonstrate  that  intrinsic  remediation  of  fuel-related 
contaminants  and  chlorinated  solvents  is  occurring,  additional  site-specific  hydrogeologic 
data  will  be  collected.  The  physical  and  chemical  hydrogeologic  parameters  listed  below 
will  be  determined  during  the  field  work  phase  of  the  TS. 

Physical  hydrogeologic  characteristics  to  be  determined  include: 

•  Depth  from  measurement  datum  to  the  groundwater  surface  in  site  monitoring 
wells; 

•  Locations  of  potential  groundwater  recharge  and  discharge  areas; 

•  Locations  of  downgradient  wells  and  their  uses; 

•  Hydraulic  conductivity  through  slug  tests,  as  required; 

•  Estimate  of  dispersivity,  where  possible; 

•  Stratigraphic  analysis  of  subsurface  media; 

•  Groundwater  temperature;  and 

•  Determination  of  extent  and  thickness  of  free-  and  residual-phase  product. 
Chemical  hydrogeologic  characteristics  to  be  determined  include: 

•  Dissolved  oxygen  concentration; 

•  Specific  conductance; 

•  pH; 

•  Chemical  analysis  of  free  product  (if  present)  to  determine  mass  fraction  of  BTEX; 
and 
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•  Additional  chemical  analysis  of  groundwater  (and  soil  at  FT-08)  for  the  parameters 
listed  in  Table  3.1. 

To  obtain  these  data,  soil,  groundwater,  and  if  present,  free  product  samples  will  be 
collected  and  analyzed.  The  following  sections  describe  the  procedures  that  will  be 
followed  when  collecting  additional  site-specific  data.  Samples  from  site  FT-03  wi 
collected  only  from  previously  installed  or  newly  installed  groundwater  monitoring  we  s. 
The  Base  will  be  responsible  for  new  well  installation.  Soil  sampling  and  well  point 
installation  at  Site  FT-08  will  be  accomplished  using  the  Geoprobe  system,  which  is 
described  in  Sections  3.1  and  3.2.  Procedures  to  be  used  to  collect  soil  core  samples  are 
described  in  Section  3.1.  Procedures  to  be  used  for  the  installation  of  new  monitoring 
points  are  described  in  Section  3.2.  Procedures  to  be  used  to  sample  groundwater 
monitoring  wells  and  newly  installed  groundwater  momtonng  points  are  described  m 
Section  3.3.  Procedures  used  to  measure  aquifer  parameters  (e.g.  hydraulic  conductivity) 

are  described  in  Section  3.4. 

3.1  SOIL  SAMPLING 

The  following  sections  describe  sample  locations,  sample  collection  techniques, 
equipment  decontamination  procedures,  site  restoration,  and  management  o 
investigation-derived  waste  materials. 

3.1.1  Soil  Sample  Locations  and  Required  Analyses 

Soil  samples  will  be  collected  at  all  Geoprobe®  and  monitoring  point  installation 
locations.  Figure  3.1  identifies  the  proposed  locations  of  soil  sample  collection  at  S 
FT-08.  Table  3.1  presents  an  analytical  protocol  for  groundwater  and  soil  samp  es, 
and  Appendix  A  contains  detailed  information  on  the  analyses  and  methods  used  during 
this  sampling  effort.  Soil  samples  have  not  been  scoped  for  the  mvestigaUon  at  FT-03 
because  characterization  of  source  area  soils  is  being  performed  as  a  part  of  the 
installation  of  a  soil  bioventing  remediation  system.  If,  however,  total  organic  carbon 
(TOC)  has  not  been  analyzed  in  FT-03  soil  samples,  up  to  two  samples  may  be 
collected  and  analyzed  for  TOC  from  a  location  upgradient  or  well  downgradient  of  the 

contaminant  source. 

A  minimum  of  two  samples  will  be  collected  from  each  hole  location.  One  sample 
will  be  taken  at  the  water  table  and  one  will  be  taken  at  the  depth  of  maximum  BTEX 
contamination  as  determined  by  soil  headspace  screening.  ,Sa™P1!^ 
suspected  source  areas  in  the  vicinity  of  the  waste  fuel  tank,  the  buried  fuel  line,  ana 
hePburn  area  Samples  will  also  be  collected  at  location  forming  a  series  of  arcs 
radiating  ouTward  from  the  source  areas  in  the  direction  of  groundwater  flow^ 
Additional  samples  and  sampling  intervals  will  be  collected  at  the  discretion  of  th 

Parsons  ES  scientist. 

A  portion  of  each  sample  will  be  used  to  measure  soil  headspace  while  another 
portion  of  selected  samples  will  be  sent  to  the  laboratory  for  analytical  analysis.  Each 
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TABLE  3.1 

analytical  protocol  for 
groundwater  and  soil  samples 

SITES  FT-03  AND  FT-08 

INTRINSIC  REMEDIATION  TS 
WESTOVER  ARB,  MASSACHUSETTS 


MATRIX 

Analyte  _ _ 

WATER 

Total  Iron 
Ferrous  Iron  (Fe2+) 

Ferric  Iron  (Fe3+) 

Manganese 

Sulfate 

Nitrate 

Nitrite 

Redox  Potential 

Oxygen 

pH 

Conductivity 

Temperature 

Carbon  Dioxide 

Alkalinity  (Carbonate  [C03  1 

and  Bicarbonate  [HC03‘  ]) 
Nitrate  +  Nitrite 
Chloride 
Sulfate 

Methane,  Ethane,  Ethene 
Dissolved  Organic  Carbon 
VOCs 

Fuel  Carbon 

SOIL 

Total  Organic  Carbon 
Moisture 

Aromatic  Hydrocarbons 
VOCs 

Total  Hydrocarbons 

free  product 

BTEX  Mass  Fraction 


method 


Colorimetric,  HACH  Method  8008 

Colorimetric,  HACH  Method  8146 

Difference  between  total  and  ferrous  iron 
Colorimetric,  HACH  Method  8034 
Colorimetric,  HACH  Method  805 1 
Titrimetric,  HACH  Method  8039 
Titrimetric,  HACH  Method  8507  . 

A2580B,  direct  reading  meter 
Direct  reading  meter 
E150.1/SW9040,  direct  reading  meter 
E120.1/SW9050,  direct  reading  meter 

E170.1  ,,  ^1 

Titrimelric,  HACH  Method  lAld-Dl 
F  »  Titrimetric,  HACH  Method  8221 
L  =  EPA  method  3 10.1 
EPA  Method  353.1 

Waters  Capillary  Electrophoresis  Me  hod  N-6 

Waters  Capillary  Electrophoresis  Method  N-6 

RSKSOP-147 

RSKSOP-102 

RSKSOP-148 

RSKSOP-148 

RSKSOP-102  &  RSKSOP-120 
ASTMD-2216 
RSKSOP-124,  modified 
RSKSOP-148 
RSKSOP-174 


GC/MS,  Direct  Injection 


FIELD  (F)  OR 

ANALYTICAL 
LABORATORY  (L) 
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FIGURE  3.1 

PROPOSED  GEOPROBE  SAMPLING 
AND/OR  MONITORING 
POINT  INSTALLATION 
SITE  FT-08 

Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 

[5)1  PARSONS 

1  -  J  ENGINEERINO  SCIENCE,  INC. 

Denver,  Colorado 


laboratory  soil  sample  will  be  placed  in  an  analyte-appropriate  sample  container  and 
hand-delivered  to  the  USEPA  field  personnel  for  analysis  of  total  hydrocarbons, 
aromatic  hydrocarbons,  and  moisture  content  using  the  procedures  presented  in  Table 
3.1.  In  addition,  at  least  two  samples  will  be  analyzed  for  TOC  from  locations 
upgradient,  crossgradient,  or  far  downgradient  of  the  contaminant  source.  Each 
headspace  screening  sample  will  be  placed  in  a  sealed  plastic  bag  or  mason  jar  and 
allowed  to  sit  for  at  least  5  minutes.  Soil  headspace  will  then  be  determined  using  an 
organic  vapor  meter  (OVM)  and  the  results  will  be  recorded  in  the  field  records  by  the 
Parsons  ES  field  scientist. 

3.1.2  Sample  Collection  Using  the  Geoprobe®  System 

Soil  samples  will  be  collected  using  a  Geoprobe®  system,  a  hydraulically  powered 
percussion/probing  machine  capable  of  advancing  sampling  tools  through  unconsolidated 
soils.  This  system  provides  for  the  rapid  collection  of  soil,  soil  gas,  and  groundwater 
samples  at  shallow  depths  while  minimizing  the  generation  of  investigation-derived 
waste  materials.  Figure  3.2  is  a  diagram  of  the  Geoprobe  system. 

Soil  samples  will  be  collected  using  a  probe-drive  sampler.  The  probe-drive  sampler 
serves  as  both  the  driving  point  and  the  sample  collection  device  and  is  attached  to  the 
leading  end  of  the  probe  rods.  To  collect  a  soil  sample,  the  sampler  is  pushed  or  driven  to 
the  desired  sampling  depth,  the  drive  point  is  retracted,  to  open  the  sampling  barrel,  and 
the  sampler  is  subsequently  pushed  into  the  undisturbed  soils.  The  soil  cores  are  retained 
within  brass,  stainless  steel,  or  clear  acetate  liners  inside  the  sampling  barrel.  The  probe 
rods  are  then  retracted,  bringing  the  sampling  device  to  the  surface.  The  soil  sample  can 
then  be  extruded  from  the  liners  for  lithologic  logging,  or  the  liners  can  be  capped  and 
undisturbed  samples  submitted  to  the  analytical  laboratory  for  testing. 

If  the  probe-drive  sampling  techniques  described  above  are  inappropriate,  inadequate, 
or  unable  to  efficiently  provide  sufficient  soil  samples  for  the  characterization  of  the  site, 
continuous  soil  samples  will  be  obtained  from  conventional  sore  boreholes  using  a  hand 
auger  or  similar  method  judged  acceptable  by  the  Parsons  ES  field  scientist.  Procedures 
will  be  modified,  if  necessary,  to  ensure  good  sample  recovery. 

The  Parsons  ES  field  scientist  will  be  responsible  for  observing  all  field  investigation 
activities,  maintaining  a  detailed  descriptive  log  of  all  subsurface  materials  recovered 
during  soil  coring,  photographing  representative  samples,  and  properly  labeling  and 
storing  samples.  An  example  of  the  proposed  geologic  boring  log  form  is  presented  in 
Figure  3.3.  The  descriptive  log  will  contain: 

•  Sample  interval  (top  and  bottom  depth); 

•  Sample  recovery; 

•  Presence  or  absence  of  contamination; 
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•  Lithologic  description,  including  relative  density,  color,  major  textural 
constituents,  minor  constituents,  porosity,  relative  moisture  content,  plasticity  of 
fines,  cohesiveness,  grain  size,  structure  or  stratification,  relative  permeability,  and 
any  other  significant  observations;  and 

•  Depths  of  lithologic  contacts  and/or  significant  textural  changes  measured  and 
recorded  to  the  nearest  0. 1  foot. 

Base  personnel  will  be  responsible  for  identifying  the  location  of  all  utility  lines, 
USTs,  fuel  lines,  or  any  other  underground  infrastructure  prior  to  any  sampling  activities. 
All  necessary  digging  permits  will  be  obtained  by  Base  personnel  prior  to  mobilizing  to 
the  field.  Base  personnel  will  also  be  responsible  for  acquiring  drilling  and  monitoring 
point  installation  permits  for  the  proposed  locations.  Parsons  ES  will  be  responsible  for 
providing  trained  operators  for  the  Geoprobe®. 

3.1.3  Datum  Survey 

The  horizontal  location  of  all  soil  sampling  locations  relative  to  established  Base 
coordinates  will  be  measured  by  a  surveyor.  Horizontal  coordinates  will  be  measured  to 
the  nearest  0.1  foot.  The  elevation  of  the  ground  surface  will  also  be  measured  to  the 
nearest  0.1  foot  relative  to  USGS  msl  data. 

3.1.4  Site  Restoration 

After  sampling  is  complete,  each  sampling  location  will  be  restored  as  closely  to  its 
original  condition  as  possible.  Holes  created  by  the  Geoprobe®  in  sandy  soils  similar  to 
those  found  at  the  Base  tend  to  cave  in  soon  after  extraction  of  the  drive  sampler. 
However,  any  test  holes  remaining  open  after  extraction  of  the  penetrometer  rod  will  be 
sealed  with  bentonite  chips,  pellets,  or  grout  to  eliminate  any  creation  or  enhancement  of 
contaminant  migration  pathways  to  the  groundwater.  Soil  sampling  using  the  Geoprobe " 
creates  low  volumes  of  soil  waste.  Soil  not  used  for  sampling  will  be  placed  in  55-gallon 
drums  provided  by  the  Base  and  disposed  of  by  Base  personnel.  Alternate  methods  of 
soil  waste  disposal  will  be  considered  by  the  Parsons  ES  field  scientist  as  recommended 
by  Base  personnel. 

3.1.5  Equipment  Decontamination  Procedures 

Prior  to  arriving  at  the  site,  and  between  each  sampling  location,  probe  rods,  tips, 
sleeves,  pushrods,  samplers,  tools,  and  other  downhole  equipment  will  be 
decontaminated  using  a  high-pressure,  steam/hot  water  wash.  Only  potable  water  will 
be  used  for  decontamination.  All  rinseate  will  be  collected  in  55-gallon  drums 
provided  by  the  Base  and  later  transported  and  disposed  of  by  Base  personnel. 

Between  each  soil  sample,  the  sampling  barrel  will  be  disassembled  and 
decontaminated  with  Alconox®  and  potable  water.  The  barrel  will  then  be  rinsed  with 
deionized  water  and  reassembled  with  new  liners.  Between  uses,  the  sampling  barrel 
will  be  wrapped  in  clean  plastic  or  foil  to  prevent  contamination. 
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Rinseate  will  be  collected  in  55-gallon  drums  provided  by  the  Base.  Filled  55-gallon 
drums  will  be  stored  at  the  Base,  and  Base  personnel  will  arrange  for  final  disposal  of  the 
drums  and  their  contents.  Base  personnel  are  responsible  for  sampling  the  contents  of  the 
drums  to  identify  any  hazardous  constituents  before  the  drums  are  transported  to  an 
appropriate  disposal  facility. 

Potable  water  to  be  used  during  equipment  cleaning,  decontamination,  or  grouting  will 
be  obtained  from  one  of  the  Base  water  supplies.  Water  use  approval  will  be  verified  by 
contacting  the  appropriate  facility  personnel.  The  field  scientist  will  make  the  final 
determination  as  to  the  suitability  of  site  water  for  these  activities.  Precautions  will  be 
taken  to  minimize  any  impact  to  the  surrounding  area  that  might  result  from 
decontamination  operations. 

3.2  MONITORING  POINT  INSTALLATION 

To  further  characterize  site  hydrogeologic  conditions,  up  to  21  groundwater 
monitoring  points  may  be  installed  at  FT-08  to  supplement  the  site  monitoring  wells. 
The  installation  of  monitoring  points  is  not  scoped  for  FT-03  because  the  groundwater 
BTEX  plume  has  already  been  defined  by  the  11  site  wells;  furthermore,  additional 
groundwater  monitoring  wells  may  be  installed  prior  to  mobilization  for  this 
investigation.  The  following  sections  describe  the  proposed  monitoring  point  locations 
and  completion  intervals,  monitoring  point  installation,  monitoring  point  development, 
and  equipment  decontamination  procedures. 

3.2.1  Monitoring  Point  Locations  and  Completion  Intervals 

The  locations  of  21  proposed  groundwater  monitoring  points  are  for  FT-08 
identified  on  Figure  3.1.  The  proposed  locations  for  the  new  monitoring  points  were 
determined  from  a  review  of  existing  data  gathered  during  previous  site  activities. 
Monitoring  point  locations  were  selected  to  provide  hydrogeologic  data  necessary  for 
successful  implementation  of  the  Bioplume  II  model  and  to  monitor  potential  fuel 
hydrocarbon  and  chlorinated  solvent  migration  from  the  site.  Monitoring  point 
locations  were  selected  to  define  four  aspects  of  the  site:  1)  the  magnitude  of  the 
dissolved  BTEX  and  solvent  concentrations  within  suspected  source  areas,  2)  the  extent 
of  contamination,  3)  the  horizontal  and  vertical  distribution  of  dissolved  BTEX  and 
solvents,  and  4)  the  hydrogeology  and  groundwater  flow  direction  at  the  site.  The 
proposed  locations  shown  on  Figure  3.1  may  be  modified  in  the  field  as  a  result  of 
encountered  field  conditions  and  acquired  field  data. 

Approximately  eight  monitoring  points  will  be  installed  in  suspected  source  areas: 
the  burn  area,  the  vicinity  of  the  waste  fuel  tank,  and  along  the  buried  fuel  line.  Five 
of  the  monitoring  points  are  proposed  for  installation  in  clusters.  Two  monitoring 
points  are  proposed  to  be  installed  in  a  cluster  with  monitoring  wells  CF-2  and  2A. 
Another  monitoring  point  is  proposed  to  be  installed  in  a  cluster  between  the  screened 
intervals  of  monitoring  well  CF-3.  The  other  two  monitoring  points  are  proposed  for 
installation  as  a  cluster  near  the  waste  fuel  tank.  These  clusters  have  the  dual  purpose 
of  evaluating  source  area  concentrations  as  well  as  the  vertical  extent  of  contamination 
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within  the  source  areas.  Single  source  area  monitoring  points  are  proposed  for  three 
additional  locations  within  suspected  source  areas.  One  monitoring  point  is  proposed 
for  the  center  of  the  bum  area  to  evaluate  groundwater  at  the  hypothetical  worst 
location.  A  second  monitoring  point  is  proposed  for  the  northeastern  edge  of  the  main 
burn  pit  to  evaluate  the  extent  of  the  burn  pit  contamination.  Monitoring  well  CF-5 
serves  a  similar  purpose  on  the  south  southwestern  edge  of  the  burn  area.  The  third 
single  monitoring  point  is  proposed  for  installation  along  the  buried  fuel  line  halfway 
between  the  burn  area  and  the  waste  fuel  tank. 

Eleven  additional  monitoring  points  have  been  proposed  to  evaluate  the  horizontal 
extent  of  the  dissolved  BTEX  plume.  Single  points  are  proposed  to  the  northeast  and 
southwest  of  the  waste  fuel  tank  to  define  plume  width  at  this  location.  The  remaining 
nine  points  have  been  arranged  to  complete  three  arcs  downgradient  and  sidegradient  of 
the  main  bum  area.  Because  the  groundwater  flow  direction  is  not  well  defined,  the 
direction  of  plume  migration  is  also  not  well  defined;  therefore,  the  installation  of  these 
points  was  judged  important  to  evaluate  groundwater  flow  gradients  and  the  plume 
extent.  Two  of  the  monitoring  points  located  immediately  downgradient  of  the  burn  pit 
are  proposed  for  installation  as  a  cluster  to  evaluate  the  vertical  extent  of 
contamination.  Two  optional  monitoring  points  have  been  reserved  to  further  define 
the  extent  of  contamination.  If  needed  these  points  will  be  used  to  extend  an  arc  or  to 
add  an  additional  downgradient  arc. 

Each  monitoring  point  will  have  a  screened  interval  of  1  meter.  Single  monitoring 
points  will  be  screened  near  the  top  of  the  saturated  zone.  Monitoring  point  clusters 
will  be  screened  at  the  top  of  the  saturated  zone  and  above  the  fine  silty  sand.  The 
exact  depth  of  monitoring  points  will  be  determined  by  the  Parsons  ES  field  scientist  on 
the  basis  of  site  conditions.  The  proposed  screened  intervals  of  1  meter  for  shallow 
and  deep  monitoring  points  will  help  mitigate  the  dilution  of  water  samples  from 
potential  vertical  mixing  of  contaminated  and  uncontaminated  groundwater  in  the 
monitoring  point  casing.  Adjustments  of  the  depth  and  length  of  the  screened  interval 
of  the  monitoring  points  may  be  necessary  in  response  to  actual  aquifer  conditions  and 
contaminant  distribution  identified  during  Geoprobe®  testing. 

3.2.2  Monitoring  Point  Installation  Procedures 

3.2.2. 1  Pre-Placement  Activities 

All  necessary  digging,  coring,  and  drilling  permits  will  be  obtained  prior  to 
mobilizing  to  the  field.  In  addition,  all  utility  lines  will  be  located,  and  proposed 
drilling  locations  will  be  cleared  prior  to  any  intrusive  activities.  Responsibilities  for 
these  permits  and  clearances  are  discussed  in  Section  3.1.1. 

Water  to  be  used  in  monitoring  point  installation  and  equipment  cleaning  will  be 
obtained  from  one  of  the  Base  water  supplies.  Water  use  approval  will  be  verified  by 
contacting  the  appropriate  facility  personnel.  The  field  scientist  will  make  the  final 
determination  as  to  the  suitability  of  site  water  for  these  activities. 
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3. 2.2.2  Monitoring  Point  Materials  Decontamination 

Monitoring  point  installation  and  completion  materials  will  be  inspected  by  the  field 
scientist  and  determined  to  be  clean  and  acceptable  prior  to  use.  If  not  factory  sealed, 
the  well  points  and  tubing  will  be  cleaned  prior  to  use  with  a  high-pressure,  steam/hot- 
water  cleaner  using  approved  water.  Materials  that  cannot  be  cleaned  to  the 
satisfaction  of  the  field  scientist  will  not  be  used. 

3.2.2.3  Installation  and  Materials 

This  section  describes  the  procedures  to  be  used  for  installation  of  monitoring 
points.  Monitoring  points  will  be  installed  using  either  0.375-inch  Teflon®  tubing 
connected  to  a  0.5-inch  diameter  stainless  steel  screen  or  a  0.5  inch  inside-diameter 
(ID)/0.75  inch  outside-diameter  (OD)  polyvinyl  chloride  (PVC)  screen  and  casing. 

3. 2. 2. 3. 1  Deep  Monitoring  Points 

The  deep  monitoring  points  will  be  installed  in  boreholes  punched  using  the 
Geoprobe R .  The  deep  monitoring  points  will  be  constructed  of  a  sacrificial  drive  point 
attached  to  a  length  of  0.5-inch  diameter  stainless  steel  mesh  that  functions  as  the  well 
screen,  which  in  turn  is  connected  to  0.375-inch  Teflon®  tubing. 

To  install  the  deep  monitoring  points,  the  borehole  is  punched  and  sampled  to  several 
feet  above  the  target  depth  for  the  monitoring  point.  The  probe  rods  are  withdrawn 
from  the  borehole,  and  the  soil  sampler  is  replaced  with  the  well  point  assembly.  An 
appropriate  length  of  Teflon®  tubing  is  threaded  through  the  probe  rods  and  attached  to 
the  well  point.  The  assembly  is  lowered  into  the  borehole  and  then  driven  down  to  the 
target  depth  and  sampling  zone.  The  probe  rods  are  removed,  leaving  the  sacrificial 
tip,  screen  assembly,  and  tubing  behind.  The  soil  is  likely  to  cave  in  around  the  screen 
and  tube  assembly;  where  this  does  not  occur,  silica  sand  will  be  emplaced  to  create  a 
sand  pack  around  the  well  point,  and  the  borehole  annular  space  around  the  tubing 
above  the  sand  pack  will  be  filled  with  granular  bentonite  or  grout  to  seal  it. 
Monitoring  point  construction  details  will  be  noted  on  a  Monitoring  Point  Installation 
Record  form  (Figure  3.4). 

3. 2. 2. 3. 2  Shallow  Monitoring  Points 

If  subsurface  conditions  permit,  shallow  monitoring  points  will  be  constructed  of 
0.75-inch  OD/0. 5-inch  ID  PVC  casing  and  well  screen  to  provide  additional  water 
level  information.  Approximately  1  meter  of  factory-slotted  screen  will  be  installed  for 
each  shallow  monitoring  point.  Effective  installation  of  the  shallow  monitoring  points 
requires  that  the  boreholes  remain  open  upon  completion  of  drilling.  Shallow  0.5-inch 
ID  PVC  monitoring  points  will  be  installed  by  punching  and  sampling  a  borehole  with 
the  Geoprobe®.  Upon  removing  the  rods,  the  borehole  depth  will  be  measured  to 
determine  if  the  hole  is  staying  open.  If  the  borehole  remains  open,  the  0.5-inch  ID 
PVC  casing  and  screen  will  be  placed  at  the  appropriate  depths.  The  annular  space 
around  the  screen  will  be  filled  with  sand  filter  pack,  and  the  annulus  around  the  casing 
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MONITORING  POINT  INSTALLATION  RECORD 

JOB  NAME  -  WESTOVER  AIR  FORCE  RESERVE  BASE  MONITORING  POINT  NUMBER  _ 

JOB  NUMBER  722450.28 _ INSTALLATION  DATE _ LOCATION _ 

DATUM  ELEVATION  _ GROUND  SURFACE  ELEVATION 

DATUM  FOR  WATER  LEVEL  MEASUREMENT _ 

SCREEN  DIAMETER  &  MATERIAL  _ SLOT  SIZE 

RISER  DIAMETER  &  MATERIAL  _ BOREHOLE  DIAMETER _ 

CONE  PENETROMETER  CONTRACTOR _ ES  REPRESENTATIVE  _ 


(NOT  TO  SCALE) 


STABILIZED  WATER  LFVFI 

_  FEET 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH _ 

_  FEET 

BELOW  DATUM. 

GROUND  SURFACE 

_  FEET 

FIGURE  3.4 

MONITORING  POINT 
INSTALLATION  RECORD 

Intrinsic  Remediation  TS 

Westover  ARB,  Massachusetts 

PARSONS 

■ 

ENGINEERING  SCIENCE,  INC. 

Denver,  Colorado 
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will  be  filled  with  grout  or  bentonite.  Monitoring  point  construction  details  will  be 
noted  on  a  Monitoring  Point  Installation  Record  form  (Figure  3.4).  This  information 
will  become  part  of  the  permanent  field  record  for  the  site. 

Temporary  monitoring  point  screens  will  be  constructed  of  flush-threaded,  Schedule 
40  PVC  with  an  ID  of  0.5  inch.  The  screens  will  be  factory  slotted  with  0.01-inch 
openings.  Monitoring  point  screens  will  be  placed  to  sample  and  provide  water  level 
information  at  or  near  the  water  table.  Blank  monitoring  point  casing  will  be 
constructed  of  Schedule  40  PVC  with  an  ID  of  0.5  inch.  All  monitoring  point  casing 
sections  will  be  flush-threaded;  joints  will  not  be  glued.  The  casing  at  each  monitoring 
point  will  be  fitted  with  a  bottom  cap  and  a  top  cap  constructed  of  PVC. 

If  subsurface  conditions  do  not  permit  the  boreholes  to  stay  open  (i.e.  the  formation 
collapses  in  the  hole),  shallow  0.5-inch-ID  PVC  monitoring  points  may  be  installed 
using  the  Geoprobe®.  If  the  installation  of  0.5 -inch  PVC  monitoring  points  is  not 
possible  or  is  impractical  using  the  Geoprobe®,  monitoring  points  constructed  of  0.375- 
inch  Teflon®  described  in  Section  3.2.2. 3.1  will  be  installed.  Should  0.5-inch  ID  PVC 
shallow  monitoring  points  not  be  installed,  the  only  resulting  data  gap  will  be  the  lack 
of  water  level  information  for  that  particular  location.  The  decision  to  install  0.5-inch- 
ID  PVC  monitoring  points  will  be  made  in  the  field  once  the  open-hole  stability  of 
subsurface  soils  and  Geoprobe®  equipment  can  be  evaluated. 

The  field  scientist  will  verify  and  record  the  total  depth  of  the  monitoring  point,  the 
lengths  of  all  casing  sections,  and  the  depth  to  the  top  of  all  monitoring  point 
completion  materials.  All  lengths  and  depths  will  be  measured  to  the  nearest  0.1  foot. 

3.2.2.4  Monitoring  Point  Completion  or  Abandonment 

A  number  of  the  monitoring  points  will  be  completed  above  grade,  and  steel 
protective  casing  will  be  used  to  protect  the  well  points  from  tampering  and  damage. 
Where  pavement  is  present,  an  at-grade  cover  will  be  cemented  in  place  using  concrete 
blended  into  the  existing  pavement.  Where  pavement  is  not  present,  the  protective  cover 
will  be  raised  slightly  above  the  ground  surface  with  a  1-foot  square  concrete  pad  that 
will  slope  gently  away  from  the  cover  to  facilitate  runoff  during  precipitation  events.  The 
number  of  permanent  monitoring  points  will  be  determined  by  the  Parsons  ES  field 
scientist.  The  completion  of  the  monitoring  points  will  be  similar  to  those  protecting 
the  existing  monitoring  wells  unless  otherwise  specified  by  Base  personnel. 

Those  monitoring  points  not  completed  with  an  external  protective  casing  will  be 
abandoned.  The  PVC  casing  and  screen  or  Teflon®  tubing  will  be  extracted  as  far  as 
possible  and  discarded.  While  holes  created  by  the  Geoprobe®  in  sandy  soils  similar  to 
those  found  at  the  Base  tend  to  cave  in  soon  after  extraction  of  the  drive  rod,  any  test 
holes  remaining  open  after  extraction  of  the  casing  will  be  sealed  with  bentonite  chips, 
pellets,  or  grout  to  eliminate  any  creation  or  enhancement  of  contaminant  migration 
pathways  to  the  groundwater. 
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After  monitoring  point  completion  or  abandonment,  each  site  will  be  restored  as 
closely  as  possible  to  its  original  condition. 

3.2.3  Monitoring  Point  Development  and  Records 

The  monitoring  points  will  be  developed  prior  to  sampling  to  remove  fine  sediments 
from  the  portion  of  the  formation  adjacent  to  the  well  point  screen.  Development  will 
be  accomplished  using  a  peristaltic  pump  provided  by  USEPA  RSKERL  or  Parsons  ES. 
The  pump  will  be  attached  to  the  well  point  and  water  will  be  removed  until  pH, 
temperature,  specific  conductivity,  and  water  clarity  (turbidity)  stabilize.  Monitoring 
point  development  will  occur  a  minimum  of  24  hours  prior  to  sampling. 

A  development  record  will  be  maintained  for  each  monitoring  point.  The 
development  record  will  be  completed  in  the  field  by  the  field  scientist.  Figure  3.5  is 
an  example  of  a  development  record  used  for  similar  well  installations.  Development 
records  will  include: 

•  Monitoring  point  number; 

•  Date  and  time  of  development; 

•  Development  method; 

•  Monitoring  point  depth; 

•  Volume  of  water  produced; 

•  Description  of  water  produced; 

•  Post-development  water  level  and  monitoring  point  depth;  and 

•  Field  analytical  measurements,  including  pH  and  specific  conductivity. 

Clean  and  contaminated  development  waters  will  be  collected  in  55-gallon  drums 
provided  by  the  Base.  Developed  groundwater  which  does  not  exhibit  an  odor,  sheen, 
or  other  immediate  evidence  of  contamination  will  be  released  to  the  ground  at  the 
point  of  origin.  If  the  developed  groundwater  exhibits  signs  of  contamination,  it  will 
be  transported  by  Base  personnel  to  the  designated  waste  collection  areas  at  the  Base. 

3.2.4  Monitoring  Point  Location  and  Datum  Survey 

The  location  and  elevation  of  the  well  points  will  be  surveyed  soon  after  completion. 
Horizontal  coordinates  will  be  measured  to  the  nearest  0.1  foot  relative  to  established 
Base  coordinates.  The  elevation  of  the  ground  surface  adjacent  to  the  protective  casing 
will  be  measured  relative  to  the  USGS  msl  datum.  The  ground  surface  elevation  will 
be  measured  to  the  nearest  0.1  foot.  A  top  of  casing  datum  will  be  measured  to  the 
nearest  0.01  foot  for  all  monitoring  points  constructed  of  0.5-inch  PVC  casing  and  well 
screen.  Because  water  levels  cannot  be  measured  through  the  well  point  tubing,  no 
datum  elevation,  such  as  top  of  casing,  will  be  measured  for  monitoring  points 
constructed  with  Teflon  tubing. 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Page _ of 


Job  Number:  722450.28 

Location:  _ _ 

Well  Number _ 


Pre-Development  Information 

Water  Level:  Total  Depth  of  Well: 

Water  Characteristics 

Color _ _  Clear  Cloudy 

Odor:  None  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ _ 

pH_ _  Temperature(uF  UC) 

Specific  Conductance(pS/cm)_ _ 


Job  Name:  Westover  ARB,  Massachusetts 

By _ _  Date 

Measurement  Datum _ _ 

Time  (Start): 


Interim  Water  Characteristics 
Gallons  Removed 
PH 

Temperature  (°F  °C) 

Specific  Conductance(p.S/cm) 


Post-Development  Information  Time  (Finish): 

Water  Level:  Total  Depth  of  Well: 

Approximate  Volume  Removed: 

Water  Characteristics 

Color  _  Clear  Cloudy 

Odor:  None  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ 

PH_ _  Temperature(uF  UC) 

Specific  Conductance(pS/cm) _ 


Comments: 


FIGURE  3.5 


MONITORING  POINT 
DEVELOPMENT  RECORD 


Intrinsic  Remediation  TS 
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3.2.5  Water  Level  Measurements 


Water  levels  at  existing  monitoring  wells  and  monitoring  points  will  be  measured 
within  a  short  time  period  so  that  the  water  level  data  are  comparable.  The  depth  to 
water  below  the  measurement  datum  will  be  measured  to  the  nearest  0.01  foot  using  an 
electric  water  level  probe  or  an  oil-water  interface  probe. 

3.3  GROUNDWATER  SAMPLING  PROCEDURES 

This  section  describes  the  scope  of  work  required  for  collection  of  groundwater 
quality  samples.  Samples  will  be  collected  from  site  monitoring  wells  (e.g.,  wells  CF- 
1  through  CF-8  at  FT-08  and  wells  TF-1  through  TF-8,  TF-11,  and  any  new  wells  at 
FT-03)  and  newly-installed  groundwater  monitoring  points.  A  peristaltic  pump  with 
dedicated  high-density  polyethylene  (HDPE)  tubing  will  be  used  to  collect  groundwater 
samples  at  wells  and  monitoring  points  with  a  depth  to  groundwater  of  25  feet  or  less. 
A  Waterra  inertial  pump  and/or  a  dedicated  Teflon®  bailer  will  be  used  to  collect 
groundwater  samples  at  locations  where  the  depth  to  groundwater  exceeds  25  feet.  A 
Grundfos  Redi-Flow  II®  may  be  used  for  well  purging  prior  to  sampling.  In  order  to 
maintain  a  high  degree  of  QC  during  this  sampling  event,  the  procedures  described  in 
the  following  sections  will  be  followed. 

Sampling  will  be  conducted  by  qualified  scientists  and  technicians  from  Parson  ES 
and  the  USEPA  RSKERL  who  are  trained  in  the  conduct  of  groundwater  sampling, 
records  documentation,  and  chain-of-custody  procedures.  In  addition,  sampling 
personnel  will  have  thoroughly  reviewed  this  work  plan  prior  to  sample  acquisition  and 
will  have  a  copy  of  the  work  plan  available  onsite  for  reference.  Groundwater 
sampling  includes  the  following  activities: 

•  Assembly  and  preparation  of  equipment  and  supplies; 

•  Inspection  of  the  monitoring  well/point  integrity  including: 

-  Protective  cover,  cap,  and  lock, 

-  External  surface  seal  and  pad, 

-  Monitoring  point  stick-up,  cap,  and  datum  reference,  and 

-  Internal  surface  seal; 

•  Groundwater  sampling,  including: 

-  Water  level  and  product  thickness  measurements, 

-  Visual  inspection  of  sample  water, 

-  Monitoring  point  casing  evacuation,  and 

-  Sample  collection; 

•  Sample  preservation  and  shipment,  including: 

-  Sample  preparation, 
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-  Onsite  measurement  of  physical  parameters,  and 

-  Sample  labeling; 

•  Completion  of  sampling  records:  and 

•  Sample  disposition. 

Detailed  groundwater  sampling  and  sample  handling  procedures  are  presented  in 
following  sections. 

3.3.1  Preparation  for  Sampling 

All  equipment  to  be  used  for  sampling  will  be  assembled  and  properly  cleaned  and 
calibrated  (if  required)  prior  to  arriving  in  the  field.  In  addition,  all  record-keeping 
materials  will  be  gathered  prior  to  leaving  the  office. 

3.3.1. 1  Equipment  Cleaning 

All  portions  of  sampling  and  test  equipment  that  will  contact  the  sample  matrix  will 
be  thoroughly  cleaned  before  each  use.  This  includes  the  Geoprobe®  soil  sampling 
tool,  sampling  pumps,  non-disposable  bailers,  water  level  probe  and  cable,  test 
equipment  for  onsite  use,  and  other  equipment  or  portions  thereof  that  will  contact  the 
samples.  Given  the  types  of  sample  analyses  to  be  conducted,  the  following  cleaning 
protocol  will  be  used: 

•  Wash  with  potable  water  and  phosphate-free  laboratory  detergent  (HP-II  detergent 
solutions,  as  appropriate); 

•  Rinse  with  potable  water; 

•  Rinse  with  isopropyl  alcohol; 

•  Rinse  with  distilled  or  deionized  water;  and 

•  Air  dry. 

Any  deviations  from  these  procedures  will  be  documented  in  the  field  scientist's 
field  notebook  and  on  the  groundwater  sampling  record  (Figure  3.6). 

If  precleaned  disposable  sampling  equipment  is  used,  the  cleaning  protocol  specified 
above  will  not  be  required.  Laboratory-supplied  sample  containers  will  be  cleaned  and 
sealed  by  the  laboratory.  The  type  of  container  provided  and  the  method  of  container 
decontamination  will  be  documented  in  the  USEPA  mobile  laboratory’s  permanent 
record  of  the  sampling  event. 

3.3.1.2  Equipment  Calibration 

As  required,  field  analytical  equipment  will  be  calibrated  according  to  the 
manufacturers’  specifications  prior  to  field  use.  This  applies  to  equipment  used  for 
onsite  measurements  of  dissolved  oxygen  (DO),  pH,  electrical  conductivity, 
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GROUNDWATER  SAMPLING  RECORD! 

SAMPLING  LOCATION 

SAMPLING  DATE(S) _ ’ 

MONITORING  WELL  _ 

REASON  FOR  SAMPLING:  [  ]  Regular  Sampling;  [  ]  Special  Sampling- 

DATE  AND  TIME  OF  SAMPLING: _  ,19  a  m  /d  m 

SAMPLE  COLLECTED  BY:  of 

WEATHER: - - 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): 


(number) 


Check-off 

1[  ] 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS: 

INNER  PVC  CASING  CONDITION  IS: 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


PRODUCT  DEPTH _ _ 

Measured  with: _ _ _ _ 

WATER  DEPTH _ _ 

Measured  with: _ _ 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
Appearance: _ 

Odor: _  ~ 

Other  Comments: _ _ _ _ 

WELL  EVACUATION: 

Method: _ _ _ 

Volume  Removed:  _ _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ _ 

Other  comments: 


JFT.  BELOW  DATUM 


_FT.  BELOW  DATUM 


FIGURE  3.6 

GROUNDWATER 
SAMPLING  RECORD 


Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts _ 

PARSONS 

ENOINEERING  SCIENCE,  INC. 

Denver,  Colorado 


3-18 


GROUND  WATER  SAMPLING  RECORD  (Continued) 

MONITORING  WELL 

SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of: _ _ _ _ 

[  ]  Pump,  type:_ 

[  ]  Other,  describe: _ _ _ 

Sample  obtained  is  [  ]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 

Temp: _ 

pH: _ 

Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: 


Measured  with 
Measured  with: 
Measured  with: 
Measured  with: 
Measured  with: 
Measured  with: 
Measured  with: 
Measured  with: 
Measured  with: 


SAMPLE  CONTAINERS  (material,  number,  size):_ 


ON-SITE  SAMPLE  TREATMENT: 


Filtration: 


Method_ 

Method, 

Method 


Preservatives  added: 


Method_ 

Method, 

Method, 

Method 


Containers:. 

Containers: 

Containers: 


Containers:. 

Containers:. 

Containers:. 

Containers: 


CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS: 


FIGURE  3.6  (Continued) 

GROUNDWATER 
SAMPLING  RECORD 


Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts _ 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver,  Colorado 
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temperature,  redox  potential,  sulfate,  nitrate,  ferrous  iron  (Fe2+),  and  other  field 
parameters  listed  on  Table  3.1. 

3.3.2  Sampling  Procedures 

Special  care  will  be  taken  to  prevent  contamination  of  the  groundwater  and  extracted 
samples.  The  two  primary  ways  in  which  sample  contamination  can  occur  are  through 
contact  with  improperly  cleaned  equipment  and  through  cross-contamination  due  to 
insufficient  cleaning  of  equipment  between  wells  and  monitoring  points.  To  prevent 
such  contamination,  the  water  level  probe  and  cable  used  to  determine  static  water 
levels  and  total  well  depths  will  be  thoroughly  cleaned  before  and  after  field  use  and 
between  uses  at  different  sampling  locations  according  to  the  procedures  presented  in 
Section  3. 3. 1.1.  Dedicated  tubing  will  be  used  at  each  well  or  monitoring  point 
developed,  purged,  and/or  sampled  with  the  peristaltic  pump.  Pumps  and 
nondisposable  bailers  will  be  decontaminated  according  to  procedures  listed  in  Section 
3.3. 1.1.  In  addition  to  the  use  of  properly  cleaned  equipment,  a  clean  pair  of  new, 
disposable  nitrile  or  latex  gloves  will  be  worn  each  time  a  different  well  or  monitoring 
point  is  sampled.  The  following  paragraphs  present  the  procedures  to  be  followed  for 
groundwater  sample  collection  from  groundwater  monitoring  wells  and  monitoring 
points.  These  activities  will  be  performed  in  the  order  presented  below.  Exceptions  to 
this  procedure  will  be  noted  in  the  field  scientist's  field  notebook  or  on  the 
groundwater  sampling  record. 

3.3.2.1  Preparation  of  Location 

Prior  to  starting  the  sampling  procedure,  the  area  around  the  existing  wells  and  new 
monitoring  points  will  be  cleared  of  foreign  materials,  such  as  brush,  rocks,  and 
debris.  These  procedures  will  prevent  sampling  equipment  from  inadvertently 
contacting  debris  around  the  monitoring  well/point. 

3.3.2. 2  Water  Level  and  Total  Depth  Measurements 

Prior  to  removing  water  from  the  monitoring  well  or  monitoring  point,  the  static 
water  level  will  be  measured.  An  electric  water  level  probe  or  oil-water  interface 
probe  will  be  used  to  measure  the  depth  to  groundwater  below  the  datum  to  the  nearest 
0.01  foot.  After  measuring  the  static  water  level,  the  water  level  probe  will  be  slowly 
lowered  to  the  bottom  of  the  monitoring  well/point  and  the  depth  will  be  measured  to 
the  nearest  0.01  foot.  If  free-phase  product  (LNAPL)  is  present,  the  total  depth  of  the 
well  from  installation  records  will  be  used  to  avoid  excessive  contamination  of  the 
water  level  probe  and  cord.  Based  on  these  measurements,  the  volume  of  water  to  be 
purged  from  the  monitoring  well/point  will  be  calculated.  If  free-phase  product  is 
encountered,  the  thickness  of  the  product  will  be  measured  with  an  oil/water  interface 
probe. 
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3.3.2.3  Monitoring  Well/Point  Purging 

The  volume  of  water  contained  within  the  monitoring  well/point  casing  at  the  time 
of  sampling  will  be  calculated,  and  at  least  three  times  the  calculated  volume  will  be 
removed  from  the  well/point.  A  peristaltic  pump  will  be  used  for  monitoring  well  and 
monitoring  point  purging,  depth  permitting,  and  a  Grunfos  Redi-Flo  II  pump,  Waterra® 
inertial  pump,  or  bailer  will  be  used  to  purge  all  monitoring  wells  or  points  in  which  a 
peristaltic  pump  will  not  work.  Clean  and  contaminated  purge  waters  will  be  collected 
in  5 5 -gallon  drums  provided  by  the  Base.  Purged  groundwater  which  does  not  exhibit 
an  odor,  sheen,  or  other  immediate  evidence  of  contamination  will  be  released  to  the 
ground  at  the  point  of  origin.  If  the  water  exhibits  signs  of  contamination,  it  will  be 
transported  by  Base  personnel  to  the  designated  waste  collection  areas  at  the  Base. 

If  a  monitoring  well/point  is  evacuated  to  a  dry  state  during  purging,  the  monitoring 
well/point  will  be  allowed  to  recharge,  and  the  sample  will  be  collected  as  soon  as 
sufficient  water  is  present  in  the  monitoring  well/point  to  obtain  the  necessary  sample 
quantity.  Sample  compositing  or  sampling  over  a  lengthy  period  by  accumulating 
small  volumes  of  water  at  different  times  to  obtain  a  sample  of  sufficient  volume  will 
not  be  allowed. 

3.3.2.4  Sample  Extraction 

Dedicated  HDPE  tubing  and  a  peristaltic  pump  will  be  used  to  extract  groundwater 
samples  from  monitoring  wells/points  whenever  depth  to  groundwater  permits; 
otherwise,  a  Waterra®  inertial  pump  or  bailer  will  be  used.  The  tubing,  pump,  or 
bailer  will  be  lowered  through  the  casing  into  the  water  gently  to  prevent  splashing. 
The  sample  will  be  transferred  directly  into  the  appropriate  sample  container.  The 
water  will  be  carefully  poured  down  the  inner  walls  of  the  sample  bottle  to  minimize 
aeration  of  the  sample. 

Unless  other  instructions  are  given  by  the  USEPA  mobile  laboratory,  sample 
containers  will  be  completely  filled  so  that  no  air  space  remains  in  the  container. 
Excess  water  collected  during  sampling  will  be  disposed  of  in  the  same  manner  as 
purge  water. 

3.3.3  Onsite  Groundwater  Parameter  Measurement 

As  indicated  on  Table  3.1,  many  of  the  groundwater  chemical  parameters  will  be 
measured  onsite  by  USEPA  staff.  Some  of  the  measurements  will  be  made  with  direct- 
reading  meters,  while  others  will  be  made  using  a  HACH®  portable  colorimeter  in 
accordance  with  specific  HACH®  analytical  procedures.  These  procedures  are 
described  in  the  following  subsections. 

All  glassware  or  plasticware  used  in  the  analyses  will  have  been  cleaned  prior  to 
sample  collection  by  thoroughly  washing  with  a  solution  of  laboratory-grade, 
phosphate-free  detergent  (e.g.,  Alconox®)  and  water,  and  rinsing  with  isopropyl 
alcohol  and  deionized  water  to  prevent  interference  or  cross-contamination  between 
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measurements.  If  concentrations  of  an  analyte  are  above  the  range  detectable  by  the 
titrimetric  or  colorimetric  methods,  the  analysis  will  be  repeated  by  diluting  the 
groundwater  sample  with  distilled  water  until  the  analyte  concentration  falls  to  a  level 
within  the  range  of  the  method.  All  rinseate  and  sample  reagents  accumulated  during 
groundwater  analysis  will  be  collected  in  glass  containers  fitted  with  screw  caps. 
These  waste  containers  will  be  clearly  labeled  as  to  their  contents  and  carefully  stored 
for  later  transfer  by  Base  personnel  to  the  approved  disposal  facility. 

3.3.3. 1  Dissolved  Oxygen  Measurements 

DO  measurements  will  be  made  using  a  meter  with  a  downhole  oxygen  sensor  or  a 
sensor  in  a  flow-through  cell  before  and  immediately  following  groundwater  sample 
acquisition.  When  DO  measurements  are  taken  in  monitoring  wells/points  that  have 
not  yet  been  sampled,  the  existing  monitoring  wells/points  will  be  purged  until  DO 
levels  stabilize. 

3.3.3.2  pH,  Temperature,  and  Specific  Conductance 

Because  the  pH,  temperature,  and  specific  conductance  of  a  groundwater  sample  can 
change  significantly  within  a  short  time  following  sample  acquisition,  these  parameters 
will  be  measured  in  the  field  in  unfiltered,  unpreserved,  "fresh"  water  collected  by  the 
same  technique  as  the  samples  taken  for  laboratory  analyses.  The  measurements  will 
be  made  in  a  flow  through  cell  or  a  clean  glass  container  separate  from  those  intended 
for  laboratory  analysis,  and  the  measured  values  will  be  recorded  in  the  groundwater 
sampling  record  (Figure  3.6). 

3.3.3.3  Alkalinity  Measurements 

Alkalinity  in  groundwater  helps  buffer  the  groundwater  system  against  acids 
generated  through  both  aerobic  and  anaerobic  biodegradation  processes.  Alkalinity  of 
the  groundwater  sample  will  be  measured  in  the  field  by  experienced  USEPA  RSKERL 
scientists  via  titrimetric  analysis  using  USEPA-approved  HACH®  Method  8221  (0  to 
5,000  mg/L  as  calcium  carbonate)  or  a  similar  method.  Alkalinity  of  the  groundwater 
sample  will  also  be  measured  in  the  laboratory  using  USEPA  method  310.1. 

3.3.3.4  Nitrate-  and  Nitrite-Nitrogen  Measurements 

Nitrate-nitrogen  concentrations  are  of  interest  because  nitrate  can  act  as  an  electron 
acceptor  during  hydrocarbon  biodegradation  under  anaerobic  soil  or  groundwater 
conditions.  Nitrate-nitrogen  is  also  a  potential  nitrogen  source  for  biomass  formation 
for  hydrocarbon-degrading  bacteria.  Nitrite-nitrogen  is  an  intermediate  byproduct  in 
both  ammonia  nitrification  and  in  nitrate  reduction  in  anaerobic  environments. 

Nitrate-  and  nitrite-nitrogen  concentrations  in  groundwater  will  be  measured  in  the 
field  by  experienced  USEPA  RSKERL  scientists  via  colorimetric  analysis  using  a 
HACH®  DR/700  Portable  Colorimeter.  Nitrate  concentrations  in  groundwater  samples 
will  be  analyzed  after  preparation  with  HACH®  Method  8039  (0  to  30.0  mg/L  N03). 
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Nitrite  concentrations  in  groundwater  samples  will  be  analyzed  after  preparation  with 
EPA-approved  HACH®  Method  8507  (0  to  0.35  mg/L  N02)  or  a  similar  method. 

3.3.3.5  Carbon  Dioxide  Measurements 

Carbon  dioxide  concentrations  in  groundwater  will  be  measured  in  the  field  by 
USEPA  RSKERL  scientists  via  titrimetric  analysis  using  HACH®  Method  8223  (0  to 
250  mg/L  as  C02).  Sample  preparation  and  disposal  procedures  are  the  same  as 
outlined  at  the  beginning  of  Section  3.3.3. 

3. 3. 3. 6  Sulfate  and  Sulfide  Sulfur  Measurements 

Sulfate  in  groundwater  is  a  potential  electron  acceptor  for  fuel-hydrocarbon 
biodegradation  in  anaerobic  environments,  and  sulfide  is  resultant  after  sulfate 
reduction.  A  USEPA  RSKERL  scientist  will  measure  sulfate  and  sulfide 
concentrations  via  colorimetric  analysis  with  a  HACH®  DR/700  Portable  Colorimeter 
after  appropriate  sample  preparation.  EPA-approved  HACH®  Methods  8051  (0  to  70.0 
mg/L  S04)  or  similar  and  8131  (0.60  mg/L  S2‘)  or  similar  will  be  used  to  prepare 
samples  and  analyze  sulfate  and  sulfide  concentrations,  respectively. 

3.3.3.7  Total  Iron,  Ferrous  Iron,  and  Ferric  Iron  Measurements 

Iron  is  an  important  trace  nutrient  for  bacterial  growth,  and  different  states  of  iron 
can  affect  the  redox  potential  of  the  groundwater  and  act  as  an  electron  acceptor  for 
biological  metabolism  under  anaerobic  conditions.  Iron  concentrations  will  be 
measured  in  the  field  via  colorimetric  analysis  with  a  HACH®  DR/700  Portable 
Colorimeter  after  appropriate  sample  preparation.  HACH®  Method  8008  (or  similar) 
for  total  soluble  iron  (0  to  3.0  mg/L  Fe3+  +  Fe2+)  and  HACH®  Method  8146  (or 
similar)  for  ferrous  iron  (0  to  3.0  mg/L  Fe2+)  will  be  used  to  prepare  and  quantitate  the 
samples.  Ferric  iron  will  be  quantitated  by  subtracting  ferrous  iron  levels  from  total 
iron  levels. 

3.3.3. 8  Manganese  Measurements 

Manganese  is  a  potential  electron  acceptor  under  anaerobic  environments. 
Manganese  concentrations  will  be  quantitated  in  the  field  using  colorimetric  analysis 
with  a  HACH®  DR/700  Portable  Colorimeter.  USEPA  approved  HACH®  Method  8034 
(0  to  20.0  mg/L)  or  similar  will  be  used  for  quantitation  of  manganese  concentrations. 
Sample  preparation  and  disposal  procedures  are  outlined  earlier  in  Section  3.3.3. 

3. 3. 3. 9  Redox  Potential 

The  redox  potential  of  groundwater  is  an  indication  of  the  relative  tendency  of  a 
solution  to  accept  or  transfer  electrons.  Redox  reactions  in  groundwater  are  usually 
biologically  mediated;  therefore,  the  redox  potential  of  a  groundwater  system  depends 
upon  and  influences  rates  of  biodegradation.  Redox  potential  can  be  used  to  provide 
real-time  data  on  the  location  of  the  contaminant  plume,  especially  in  areas  undergoing 
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anaerobic  biodegradation.  The  redox  potential  of  a  groundwater  sample  taken  inside 
the  contaminant  plume  should  be  somewhat  less  than  that  taken  in  the  upgradient 
location. 

The  redox  potential  of  a  groundwater  sample  can  change  significantly  within  a  short 
time  following  sample  acquisition  and  exposure  to  atmospheric  oxygen.  As  a  result, 
this  parameter  will  be  measured  in  the  field  in  unfiltered,  unpreserved,  “fresh”  water 
collected  by  the  same  technique  as  the  samples  taken  for  laboratory  analyses.  The 
measurements  will  be  made  as  quickly  as  possible  in  a  clean  glass  container  separate 
from  those  intended  for  laboratory  analysis  or  in  a  flow  through  cell. 

3.4  SAMPLE  HANDLING  FOR  LABORATORY  ANALYSIS 

This  section  describes  the  handling  of  samples  from  the  time  of  sampling  until  the 
samples  are  delivered  to  USEPA  field  laboratory. 

3.4.1  Sample  Preservation 

The  USEPA  laboratory  support  personnel  will  add  any  necessary  chemical 
preservatives  prior  to  filling  the  sample  containers.  Samples  will  be  prepared  for 
transportation  to  the  analytical  laboratory  by  placing  the  samples  in  a  cooler  containing 
ice  to  maintain  a  shipping  temperature  of  as  close  to  4  degrees  centigrade  (°C)  as 
possible.  Samples  will  be  delivered  promptly  to  USEPA  field  laboratory  personnel, 
who  will  be  responsible  for  shipment  of  appropriate  samples  to  the  RSKERL  in  Ada, 
Oklahoma  for  analysis. 

3.4.2  Sample  Container  and  Labels 

Sample  containers  and  appropriate  container  lids  will  be  provided  by  the  USEPA 
field  laboratory  (see  Appendix  A).  The  sample  containers  will  be  filled  as  described  in 
Section  3. 3. 3. 2. 4,  and  the  container  lids  will  be  tightly  closed.  The  sample  label  will 
be  firmly  attached  to  the  container  side,  and  the  following  information  will  be  legibly 
and  indelibly  written  on  the  label: 

•  Facility  name; 

•  Sample  identification; 

•  Sample  type  (e.g.,  groundwater,  soil); 

•  Sampling  date; 

•  Sampling  time; 

•  Preservatives  added; 

•  Sample  collector's  initials;  and 

•  Requested  analyses. 
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3.4.3  Sample  Shipment 

After  the  samples  are  sealed  and  labeled,  they  will  be  packaged  for  transport  to  the 
onsite  USEPA  field  laboratory.  The  following  packaging  and  labeling  procedures  will 
be  followed: 

•  Package  sample  so  that  it  will  not  leak,  spill,  or  vaporize  from  its  container; 

•  Cushion  samples  to  avoid  breakage;  and 

•  Add  ice  to  container  to  keep  samples  cool. 

The  packaged  samples  will  be  delivered  by  hand  to  the  USEPA  field  laboratory. 
Delivery  will  occur  as  soon  as  possible  after  sample  acquisition. 

3.4.4  Chain-of-Custody  Control 

Chain-of-custody  documentation  for  the  shipment  of  samples  from  the  USEPA  field 
laboratory  to  the  RSKERL  analytical  laboratory  in  Ada,  Oklahoma,  will  be  the 
responsibility  of  the  USEPA  field  personnel. 

3.4.5  Sampling  Records 

In  order  to  provide  complete  documentation  of  the  sampling  event,  detailed  records 
will  be  maintained  by  the  field  scientist.  At  a  minimum,  these  records  will  include  the 
following  information: 

•  Sample  location  (facility  name); 

•  Sample  identification; 

•  Sample  location  map  or  detailed  sketch; 

•  Date  and  time  of  sampling; 

•  Sampling  method; 

•  Field  observations  of 

-  Sample  appearance,  and 

-  Sample  odor; 

•  Weather  conditions; 

•  Water  level  prior  to  purging  (groundwater  samples,  only); 

•  Total  monitoring  well/point  depth  (groundwater  samples,  only); 

•  Sample  depth  (soil  samples,  only); 

•  Purge  volume  (groundwater  samples,  only); 

•  Water  level  after  purging  (groundwater  samples,  only); 

•  Monitoring  well/point  condition  (groundwater  samples,  only); 
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•  Sampler's  identification; 

•  Field  measurements  of  pH,  temperature,  DO,  and  specific  conductivity 
(groundwater  samples,  only);  and 

•  Any  other  relevant  information. 

Groundwater  sampling  information  will  be  recorded  on  a  groundwater  sampling 
form.  Figure  3.6  shows  an  example  of  the  groundwater  sampling  record.  Soil 
sampling  information  will  be  recorded  in  the  field  log  book. 

3.4.6  Laboratory  Analyses 

Laboratory  analyses  will  be  performed  on  all  groundwater  and  soil  samples  as  well 
as  the  QA/QC  samples  described  in  Section  5.  The  analytical  methods  for  this 
sampling  event  are  listed  in  Table  3.1.  Prior  to  sampling,  USEPA  RSKERL  personnel 
will  provide  a  sufficient  number  of  analyte-appropriate  sample  containers  for  the 
samples  to  be  collected.  All  containers,  preservatives,  and  shipping  requirements  will 
be  consistent  with  USEPA  protocol  or  those  reported  in  Appendix  A  of  this  plan. 

USEPA  laboratory  support  personnel  will  specify  the  necessary  QC  samples  and 
prepare  appropriate  QC  sample  bottles.  For  samples  requiring  chemical  preservation, 
preservatives  will  be  added  to  containers  by  the  laboratory.  Containers,  ice  chests  with 
adequate  padding,  and  cooling  media  will  be  provided  by  USEPA  RSKERL  laboratory 
personnel.  Sampling  personnel  will  fill  the  sample  containers  and  return  the  samples  to 
the  field  laboratory. 

3.5  AQUIFER  TESTING 

Slug  tests  will  be  conducted  on  selected  monitoring  wells  to  estimate  the  hydraulic 
conductivity  of  unconsolidated  deposits  at  the  site.  This  information  is  required  to 
accurately  estimate  the  velocity  of  groundwater  and  contaminants  in  the  shallow 
saturated  zone.  A  slug  test  is  a  single-well  hydraulic  test  used  to  determine  the 
hydraulic  conductivity  of  an  aquifer  in  the  immediate  vicinity  of  the  tested  well.  Slug 
tests  can  be  used  for  both  confined  and  unconfined  aquifers  that  have  a  transmissivity 
of  less  than  7,000  (ft2/day).  Slug  testing  can  be  performed  using  either  a  rising  head  or 
a  falling  head  test;  at  this  site,  both  methods  will  be  used  in  sequence. 

3.5.1  Definitions 

•  Hydraulic  Conductivity  (K).  A  quantitative  measure  of  the  ability  of  porous 
material  to  transmit  water;  defined  as  the  volume  of  water  that  will  flow  through  a 
unit  cross-sectional  area  of  porous  or  fractured  material  per  unit  time  under  a  unit 
hydraulic  gradient. 

•  Transmissivity  (T).  A  quantitative  measure  of  the  ability  of  an  aquifer  to  transmit 
water.  It  is  the  product  of  the  hydraulic  conductivity  and  the  saturated  thickness. 

•  Slug  Test.  Two  types  of  testing  are  possible:  rising  head  and  falling  head  tests.  A 
slug  test  consists  of  adding  a  slug  of  water  or  a  solid  cylinder  of  known  volume  to 
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the  well  to  be  tested  or  removing  a  known  volume  of  water  or  cylinder  and 
measuring  the  rate  of  recovery  of  water  level  inside  the  well.  The  slug  of  a  known 
volume  acts  to  raise  or  lower  the  water  level  in  the  well. 

•  Rising  Head  Test.  A  test  used  in  an  individual  well  within  the  saturated  zone  to 
estimate  the  hydraulic  conductivity  of  the  surrounding  formation  by  lowering  the 
water  level  in  the  well  and  measuring  the  rate  of  recovery  of  the  water  level.  The 
water  level  may  be  lowered  by  pumping,  bailing,  or  removing  a  submerged  slug 
from  the  well. 

•  Falling  Head  Test.  A  test  used  in  an  individual  well  to  estimate  the  hydraulic 
conductivity  of  the  surrounding  formation  by  raising  the  water  level  in  the  well  by 
insertion  of  a  slug  or  quantity  of  water,  and  then  measuring  the  rate  of  drop  in  the 
water  level. 

3.5.2  Equipment 

The  following  equipment  will  be  used  to  conduct  a  slug  test: 

•  Teflon®,  PVC,  or  metal  slugs; 

•  Nylon  or  polypropylene  rope; 

•  Electric  water  level  indicator; 

•  Pressure  transducer/sensor; 

•  Field  logbook/forms;  and 

•  Automatic  data  recording  instrument  (such  as  the  Hermit  Environmental  Data 
Logger*,  In-Situ,  Inc.  Model  SE1000B,  or  equivalent). 

3.5.3  General  Test  Methods 

Aquifer  hydraulic  conductivity  tests  (slug  tests)  are  accomplished  by  either  removal 
of  a  slug  or  quantity  of  water  (rising  head)  or  introduction  of  a  slug  (falling  head),  and 
then  allowing  the  water  level  to  stabilize  while  taking  water  level  measurements  at 
closely  spaced  time  intervals. 

Because  hydraulic  testing  will  be  completed  on  existing  wells,  it  will  be  assumed 
that  the  wells  were  properly  developed  and  that  water  levels  have  stabilized.  Slug 
testing  will  proceed  only  after  multiple  water  level  measurements  over  time  show  that 
static  water  levels  are  in  equilibrium.  During  the  slug  test,  the  water  level  change 
should  be  influenced  only  by  the  introduction  (or  removal)  of  the  slug  volume.  Other 
factors,  such  as  inadequate  well  development  or  extended  pumping  may  lead  to 
inaccurate  results;  in  addition,  slug  tests  will  not  be  performed  on  wells  with  free 
product.  The  field  scientist  will  determine  when  static  equilibrium  has  been  reached  in 
the  well.  The  pressure  transducer,  slugs,  and  any  other  downhole  equipment  will  be 
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decontaminated  prior  to  and  immediately  after  the  performance  of  each  slug  test  using 
the  procedures  described  in  Section  3. 3. 1.1. 

3.5.4  Falling  Head  Test 

The  falling  head  test  is  the  first  step  in  the  two-step  slug  testing  procedure.  The 
following  paragraphs  describe  procedures  to  be  followed  during  performance  of  the 
falling  head  test. 

1 .  Decontaminate  all  downhole  equipment  prior  to  initiating  the  test. 

2.  Open  the  well.  Where  wells  are  equipped  with  watertight  caps,  the  well  should 
be  unsealed  at  least  24  hours  prior  to  testing  to  allow  the  water  level  to 
stabilize.  The  protective  casing  will  remain  locked  during  this  time  to  prevent 
vandalism. 

3.  Prepare  the  aquifer  slug  test  data  form  (Figure  3.7)  with  entries  for: 

•  Borehole/well  number, 

•  Project  number, 

•  Project  name, 

•  Aquifer  testing  team, 

•  Climatic  data, 

•  Ground  surface  elevation, 

•  Top  of  well  casing  elevation, 

•  Identification  of  measuring  equipment  being  used, 

•  Page  number, 

•  Static  water  level,  and 

•  Date. 

4.  Measure  the  static  water  level  in  the  well  to  the  nearest  0.01  foot. 

5.  Lower  the  decontaminated  pressure  transducer  into  the  well  and  allow  the 
displaced  water  to  return  to  its  static  level.  This  can  be  determined  by  periodic 
water  level  measurements  until  the  static  water  level  in  the  well  is  within  0.01 
foot  of  the  original  static  water  level. 
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AQUIFER  SLUG  TEST  DATA  SHEET 


Location:  _ 

Job  No.:  722450.28 

Water  Level _ 

Depth _ 

Measuring  Datum _ 

Weather _ 

Comments 


Client:  AFCEE 

Field  Scientist _ 

Total  Well 

Elevation  of  Datum 
Temp _ 


Well  No, 
Date 


AQUIFER  TEST 
DATA  FORM 


Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 


PARSONS 

ENGINEERING  SCIENCE,  INC. 


Denver,  Colorado 
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6.  Lower  the  decontaminated  slug  into  the  well  to  just  above  the  water  level  in  the 
well. 

7.  Turn  on  the  data  logger  and  quickly  lower  the  slug  below  the  water  table,  being 
careful  not  to  disturb  the  pressure  transducer.  Follow  the  owner’s  manual  for 
proper  operation  of  the  data  logger. 

8.  Terminate  data  recording  when  the  water  level  stabilizes  in  the  well.  The  well 
will  be  considered  stabilized  for  termination  purposes  when  it  has  recovered  80 
to  90  percent  from  the  initial  displacement. 

3.5.5  Rising  Head  Test 

After  completion  of  the  falling  head  test,  the  rising  head  test  will  be  performed. 
The  following  paragraphs  describe  the  rising  head  slug  test  procedure. 

1.  Measure  the  water  level  in  the  well  to  the  nearest  0.01  foot  to  ensure  that  it  has 
returned  to  the  static  water  level. 

2.  Initiate  data  recording  and  quickly  withdraw  the  slug  from  the  well.  Follow  the 
owner’s  manual  for  proper  operation  of  the  data  logger. 

3.  Terminate  data  recording  when  the  water  level  stabilizes  in  the  well,  and 
remove  the  pressure  transducer  from  the  well  and  decontaminate.  The  well  will 
be  considered  stabilized  for  termination  purposes  when  it  has  recovered  80  to  90 
percent  from  the  initial  displacement. 

3.5.6  Slug  Test  Data  Analysis 

Data  obtained  during  slug  testing  will  be  analyzed  using  AQTESOLV™  and  the 
method  of  Hvorslev  (1951)  for  confined  aquifers  or  the  method  of  Bouwer  and  Rice 
(1976)  and  Bouwer  (1989)  for  unconfined  conditions. 
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SECTION  4 


REMEDIAL  OPTION  EVALUATION  AND  TS  REPORT 


Upon  completion  of  field  work,  numerical  and  analytical  groundwater  models  will  be 
used  to  determine  the  fate  and  transport  of  fuel  hydrocarbons  and  chlorinated  solvents 
dissolved  in  groundwater  at  the  sites.  Based  upon  model  predictions  of  contaminant 
concentration  and  distribution  through  time,  and  upon  potential  exposure  pathways,  the 
potential  risk  to  human  health  and  the  environment  will  be  assessed.  If  it  is  shown  that 
intrinsic  remediation  of  BTEX  compounds  at  the  sites  is  sufficient  to  reduce  the  potential 
risk  to  human  health  and  the  environment  to  acceptable  levels,  Parsons  ES  will 
recommend  implementation  of  the  intrinsic  remediation  option.  If  intrinsic  remediation 
is  chosen,  Parsons  ES  will  prepare  site-specific,  long-term  monitoring  plans  that  will 
specify  the  location  of  point-of-compliance  monitoring  wells  and  sampling  frequencies. 

If  the  intrinsic  remediation  remedial  option  is  deemed  inappropriate  for  use  at  these 
sites,  institutional  controls  such  as  groundwater  or  land  use  restrictions  will  be  evaluated 
to  determine  if  they  will  be  sufficient  to  reduce  the  risk  to  human  health  and  the 
environment  to  acceptable  levels.  If  institutional  controls  are  inappropriate,  remedial 
options  which  could  reduce  risks  to  acceptable  levels  will  be  evaluated  and  the  most 
appropriate  remedial  options  will  be  recommended.  Potential  remedial  options  include, 
but  are  not  limited  to,  free-product  recovery,  groundwater  pump-and-treat,  enhanced 
biological  treatment,  bioventing,  air  sparging,  and  in  situ  reactive  barrier  walls.  The 
reduction  in  dissolved  BTEX  that  should  result  from  remedial  activities  will  be  used  to 
produce  new  input  files  for  the  groundwater  models.  The  models  will  then  be  used  to 
predict  the  BTEX  plume  (and  risk)  reduction  that  should  result  from  remedial  actions. 

Upon  completion  of  modeling  and  remedial  option  selection,  a  TS  report  detailing 
the  results  of  the  modeling  and  remedial  option  selection  will  be  prepared.  This  report 
will  follow  the  outline  presented  in  Table  4.1  and  will  contain  an  introduction,  site 
descriptions,  identification  of  remediation  objectives,  description  of  remediation 
alternatives,  an  analysis  of  remediation  alternatives,  and  the  recommended  remedial 
approach  for  each  site.  This  report  will  also  contain  the  results  of  the  site 
characterization  activities  described  herein  and  a  description  of  the  models  developed 
for  each  site. 
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TABLE  4.1 

EXAMPLE  TS  REPORT  OUTLINE 
INTRINSIC  REMEDIATION  TS 
WESTOVER  ARB,  MASSACHUSETTS 


INTRODUCTION 

Scope  and  Objectives 
Site  Background 

SITE  CHARACTERIZATION  ACTIVITIES 

Sampling  and  Aquifer  Testing  Procedures 

PHYSICAL  CHARACTERISTICS  OF  THE  STUDY  AREA 
Surface  Features 

Regional  Geology  and  Hydrogeology 
Site  Geology  and  Hydrogeology 
Climatological  Characteristics 

NATURE  AND  EXTENT  OF  CONTAMINATION 
Source  Characterization 
Soil  Chemistry 

Residual  Contamination 
Total  Organic  Carbon 
Ground  Water  Chemistry 

LNAPL  Contamination 
Dissolved  Contamination 
Ground  Water  Geochemistry 
Expressed  Assimilative  Capacity 

GROUND  WATER  MODEL 
Model  Description 

Conceptual  Model  Design  and  Assumptions 

Initial  Model  Setup 

Model  Calibration 

Sensitivity  Analysis 

Model  Results 

Conclusions 

COMPARATIVE  ANALYSIS  OF  REMEDIAL  ALTERNATIVES 
Remedial  Alternative  Evaluation  Criteria 
Long-Term  Effectiveness 
Implementability  (Technical,  Administrative) 

Cost  (Capital,  Operating,  Present  Worth) 

Factors  Influencing  Alternatives  Development 
Program  Objectives 
Contaminant  Properties 
Site-Specific  Conditions 
Brief  Description  of  Remedial  Alternatives 

Intrinsic  Remediation  with  Long-Term  Monitoring 
Other  Alternatives 
Evaluation  of  Alternatives 
Recommended  Remedial  Approach 
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TABLE  4.1 

EXAMPLE  TS  REPORT  OUTLINE 
INTRINSIC  REMEDIATION  TS 
WESTOVER  ARB,  MASSACHUSETTS 


LONG-TERM  MONITORING  PLAN 
Overview 

Monitoring  Networks 
Ground  Water  Sampling 

CONCLUSIONS  AND  RECOMMENDATIONS 

APPENDICES:  Supporting  Data  and  Documentation 

Site-Specific  Bioplume  II  Model  Input  and  Results 
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SECTION  5 


QUALITY  ASSURANCE/QUALITY  CONTROL 


Field  QA/QC  procedures  will  include  collection  of  field  duplicates  and  rinseate,  field 
and  trip  blanks;  decontamination  of  all  equipment  that  contacts  the  sample  medium 
before  and  after  each  use;  use  of  analyte-appropriate  containers;  and  chain-of-custody 
procedures  for  sample  handling  and  tracking.  All  samples  to  be  transferred  to  the 
analytical  laboratory  for  analysis  will  be  clearly  labeled  to  indicate  sample  number, 
location,  matrix  (e.g.,  groundwater),  and  analyses  requested.  Samples  will  be  preserved 
in  accordance  with  the  analytical  methods  to  be  used,  and  water  sample  containers  will  be 
packaged  in  coolers  with  ice  to  maintain  a  temperature  of  as  close  to  4°C  as  possible. 

All  field  sampling  activities  will  be  recorded  in  a  bound,  sequentially  paginated  field 
notebook  in  permanent  ink.  All  sample  collection  entries  will  include  the  date,  time, 
sample  locations  and  numbers,  notations  of  field  observations,  and  the  sampler's  name 
and  signature.  Field  QC  samples  will  be  collected  in  accordance  with  the  program 
described  below,  and  as  summarized  in  Table  5.1. 

QA/QC  sampling  will  include  collection  and  analysis  of  duplicate  groundwater  and 
soil  samples,  rinseate  blanks,  field/trip  blanks,  and  matrix  spike  samples.  Internal 
laboratory  QC  analyses  will  involve  the  analysis  of  laboratory  control  samples  (LCSs) 
and  laboratory  method  blanks  (LMBs).  QA/QC  objectives  for  each  of  these  samples, 
blanks,  and  spikes  are  described  below. 

Soil  and  groundwater  samples  collected  with  the  Geoprobe  sampler  should  provide 
sufficient  volume  for  some  duplicate  analyses.  Refer  to  Table  3.1  and  Appendix  A  for 
further  details  on  sample  volume  requirements. 

One  rinseate  sample  will  be  collected  for  every  10  or  fewer  groundwater  samples 
collected  from  existing  wells.  Because  disposable  bailers  may  be  used  for  this  sampling 
event,  the  rinseate  sample  will  consist  of  a  sample  of  distilled  water  poured  into  a  new 
disposable  bailer  and  subsequently  transferred  into  a  sample  container  provided  by  the 
laboratory.  Rinseate  samples  will  be  analyzed  for  VOCs  only. 

A  field  blank  will  be  collected  for  every  20  or  fewer  groundwater  samples  (both  from 
groundwater  monitoring  point  and  groundwater  monitoring  well  sampling  events)  to 
assess  the  effects  of  ambient  conditions  in  the  field.  The  field  blank  will  consist  of  a 
sample  of  distilled  water  poured  into  a  laboratory-supplied  sample  container  while 
sampling  activities  are  underway.  The  field  blank  will  be  analyzed  for  VOCs. 
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A  trip  blank  will  be  analyzed  to  assess  the  effects  of  ambient  conditions  on  sampling 
results  during  the  transportation  of  samples.  The  trip  blank  will  be  prepared  by  the 
laboratory.  A  trip  blank  will  be  transported  inside  each  cooler  which  contains  samples 
for  VOC  analysis.  Trip  blanks  will  be  analyzed  for  VOCs. 

Matrix  spikes  will  be  prepared  in  the  laboratory  and  used  to  establish  matrix  effects  for 
samples  analyzed  for  VOCs. 

LCSs  and  LMBs  will  be  prepared  internally  by  the  laboratory  and  will  be  analyzed 
each  day  samples  from  the  site  are  analyzed.  Samples  will  be  reanalyzed  in  cases  where 
the  LCS  or  LMB  are  out  of  the  control  limits.  Control  charts  for  LCSs  and  LMBs  will  be 
developed  by  the  laboratory  and  monitored  for  the  analytical  methods  used. 
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HACH”  refers  to  the  HACH  Company  catalog,  1990. 
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Well  Installation  Logs 
Site  FT-08 


Source:  ES,  1986. 


DATE 

STARTED  1 1  -1  O-Qfi 
FINISHED  H-12-36 
SHEET  2  np  3 


PROIECT  Westover  Air  Force  Base _ 

Current  Fire  Deoartment  Training  Area 


|  SOUS  INVESTIGATIONS  INC 

SUBSURFACE  LOG 

’ . . - 

HOLE  NQ.  CF-1  cont'd 

SURE.  ELEV. _ 

C.W.  OEPTH  ' _ 


LOCATION  Chicopee,  Massachusetts _ 


»10W5  <x 


/ IJ  /ll 


SOIL  OR  ROCK 
CLASSIFICATION 


? 7 1  'Jh 


6l  7 1  9l_16 

Toi  i  i 


fill 

111  I  8|  7 1  9|  16 


6 1  e|  14| 


_ On  11-10-86, a .m. ,  water  at  7.1*  , 

0.2  casing  at  40.0* 

-  mech.  chlor,  =  0 

_  Brown  fine  SAND  w/thin  Clay  seams 

_ “1 _  (Wet-Very  Compact) 


Brown  coarse-fine  SAND 
(Wet-Firm) 


similar 
mech.  chlor. 


similar  v/little  fine  gravel 
(Wet-Firm) 


lScn\ooI  ic 

6r<xjJ  _ _ . 


<  m 


I  -(  i 


Brown/Grey  fine  SAND  w/lenses  of 
coarse  Sand 

(Wet-Firm) 
mech.  chlor.  =  0 


1/  14  el  si  ^  1 7 1 

ir  m  i  i 

-I  _J _ ! — I _ , 


15  I  7l  11 1  1  j  2A 

I  17|  I  I 


Grey  fine  SAND,  Some  Silt,  trace 

clay  (Wet-Firm)  ^  Q , _llrig-86 _ 

11-12-86  _  , 

On  11-12-86,  a.m.,  water  at  14.1', 
casing  at  65.0',  hole  open  to  '65.0'. 

Grey  fine  SAND 

(Wet-Firm) 
mech.  chlor.  =*  0 


9  0  2C 


similar 


Sotrcn  [ . 

SJol  Sir<  •  •  „ 


*Phocovac  Reading  in  ppm  above  background 


N  a  Net  bln^s  to  Heeve*. 
C  =  No  hlon*  lo  <j*ivr_ 

uf  TuAn  ru  r  ../• 


Apooo _H - ••  wi(hil£ - lb.  Pin  w«.  Ullinc  30  "n,,  blow.  CLASSIFICATION  Visual_b>^Drill e x 


un* - - .**  with - lb.  weight  !  a  Mine 

6”  H  I  A  finch  .Tnirvt-  racing 


J'per  blow. 


R-2 


DATE 

STARTED  .11-12-86 
HNISHEO  .  11—1  T-AA 
SHEET  _ L,.,  OF _ L 


• 

HOLf  NO. C£rl  rent'd 

SUBSURFACE  LOG 

sur;.  tLfv. 

— 

C.  W.  DEPTH  _ 

stover  Air  Force  Base _ 

'ire  Department  Training  Area 


LOCATION  Chicopee  ,  Massachusetts 


SOIL  OR  ROCK 
CLASSIFICATION 


si  9!  id  21 


0 

Grey  Clayey  SAND  (Wet-Firm) 
meth.  chlor.  =  0 

„  .  85,0' 

,  11-12-86 

Grey  varved  CLAY ,  SAND  & 

11-13-86 

0.  1 

SILT  (Wet-Loose) 

0.2 

similar 

meth.  chlor.  =  0 

Boring  Terminated  @  92,0' 


3-3i"dia. Steel  Guard 
Posts  installed 
around  well. 

On  1-23-87 ,  water  at 
6.3* *  below  top  of 
guard  pipe. 


N  *  No  blovsN  lo  rffivt*  *  ipoon 

C  c  No  (ilo\v>  lo  dnvr _ '  Casio* 

vtfTHOOOl  INVESTIGATION 


*Photovac  Reading  in  ppm  above  background 

— ~  with  IjQ  lb.  pm  Wt.  UHiot  30  -per  blow.  CLASSIFICATION  Visual  by  Dri 
—  *  with - lb.  wtitht  fjllmc _ "p*r  blow.  _ • 


OA« 


T3  C 


DATE 

STARTED  11-18-86 
FINISHED  lilMzM 
SHEET  _J _ OF _ L 


PROJECT  Westover  Air  Force  Base 

Current  Fire  Department  Training  Area 


HOLE  NO.  CF-?  caotld 

SURF.  ELCV.  _ _ 

C.W.  DEPTH  _ _ 


LOCATION  Chicooee,  Massachusetts 


45- 


PO. 


ko- 


65- 


r70- 


75- 


L80- 


c 

j 

? 

8(.Ow4  On 

< 

T 

1  0  / 

uy 

t  ? / 

9  S 

IX 

iXi 

14 

N 

«>  u 

0" 

i 

^2 

2 

_  2 

_ _ ac. 

4 

y 

3 

to 

On 

5- 

i 

IQ_ 

2 

1 

5 

7 

L 

7 

0.  I 

) 

5 

8 

7 

15 

L 

1  8| 

■x 

0 

1 

1 

i 

7 

8 

n 

12 

23 

/ 

1  12 

1 

1 

SA 

irl 

_LZJ 

19 

37 

X 

1  22| 

1 

_ 

_ L  1 

1 

1 

1 

7 

14  I 

b| 

7 

7 

14 

360 

J 

/ 

ZI 

10f 

din 

i 

__1 

SSO 

1 

600 

! 

i 

670 

7 

15 

_ii 

_d 

6 

12 

2500 

/ 

12| 

300 

_ 1 _ 

400 

i 

450 

-ill 

500 

J7i 

16] 

_ii 

11 

10 

21 

11 

1  14| 

i 

1 

!  1 

SOIL  OR  ROCK 
CLASSIFICATION 


Brqwn/Grey  fine  SAND  &  fine  GRAVEL 
(Wet-Loose) 

tneth,  chlor.  100-300  (rig  exhaust) 


No  Recovery  -  made  two  attempts 


similar 

meth.  chlor.  100 


Brown/Grey  fine  SAND,  trace  silt 
(Wet-Firm)  * 


similar 

meth.  chlor  100<ppm 

Could  not  spin  casing-casing  became 
bound  up;drove  casing  from  65* -75* 

similar  w/little  silt 
(Wet-Firm) 

Washed  ahead  of  casing  from  70.0' -15 

meth.  chlor.  O00  ppm 
Grey  fine  SAND 

(Wet-Firm)  7 7  q * _ 

11-19-86 

On  A 1-19-86,  a-m. ,  water  at  6.5' , 
casing  at  75.0* ,  hole  open  to  77.0* 


.DU  ,  n  So \Sl< 

rhotovac  Reading  in  ppm  above  background 


NOTES 


Vorvi  k,  /dcnvmV 


Z  Mia.adU  TyC 
'Riser  T-ipc 


0* 

Bcnkn’dc  ScaI' 

AQ  5a  rU  — l 


Z'diA-TYC.  Y/d\ 
Screen,  O.0Z.*1 


P 


I41.S 


7t5 


h-rH 


N  *  No  blovy>  lo  dm 


*  4  poor*. 


— - "  vyithii^ - lb  pin  wt.  UllinC  30  "r**  blow.  CLASSIFICATION sua *  bY  Drille: 


C  «  No  liliM*  to  drive - 6 - *  CtsmiJJL - **  w.fhjOO - lb.  vwr,cht  1  fl  blow 

Ml  1HOO  Of  :nvi  sticaHOn  6"  dia.  Flush  Joint  Casino 


OAIC 

STARTED  11-18-86 
f  INISHCO  .11-20-86 
SHECT  3  Of.  3 


PROIECT  Vtestover  Air  Force  Base _ 

Current  "ire  Department  Training  Area 


HOLE  HO.  CF-2  cont'd 

SUBSURFACE  LOC  surp.elev.. _ 

C.  W.  DEPTH  ' _ 


LOCATION  Chicooee,  Massachusetts _ 


19  1 

13|  14 

1  12 

i  2  6 1 

i 

N  «  N'n  Mttw\  to  <tnvp  2 

C  *  No  lo  drive _ 

Utooor  INVISIICAHON 


tpoon 

Citing 


12 _ “ 


w«th  140  Ih  pm  wt.  filling  3  Q 
w,*b - weight  filling 

f*. _ ^ _ 


."oer  blow, 
."prr  blow. 


CLASSIFICATION  Vi  sn^l  by  _DriJ 


6 


1  /a 


T 


n 


DATE 

STAR  Tf  O  _  H-18-86 

MN1SHCD  11-18-86 
sheet  1  nr.  __  1 


PROlfCT  Westover  Air  Force  Base _ 

Current  Fire  Department  Traininq  Area 


r—assa—x 

SUBSURFACE  LOG 

HOIE  NO.  CT“4 

SURE.  £L£V.  _  . 

C/i  a  Mnr  p  <r 

j  ■ .  . .  - 

C.W.  D€PTH  b€e  Notes 

LOCATION  Chicopee  ,  Massachusetts 


aiow*  on 

SA Mftll 


SOIL  OR  ROCK 
CLASSIFICATION 


txinW  V:  I <? 

1.5  |  Brown  medium-fine  SAND,  little  silt 

(Damp-Loose)  frmW.k  S< 


Brown  coarse-fine  SAND, little  fine 
gravel,  trace  silt 

(Saturated-Firm) 

After  sampling  $2,  water  at  4.5', 
augers  at  5.0** 

_  10. S’ 


Brown  fine  SAND,  little  silt 
(Saturated-Firm) 


Brown  coarse-fine  SAND,  little 
medium-fine  gravel,-  trace  silt 
(Saturated-Firm) 


No  Recovery 
s imilar 


Boring  Terminated  @  23.0* 


Sol  ' 

So* 


k  Q 


Z" V*U 
^3\©1  SI  Lc. 


3-3 i "  dia.  Steel  Gua xs, 
Posts  installed  around 
well 

On  1-23-87,  water  at 
5.7*  below  top  of 
guard  pipe. 


*Photovac  Reading  in  ppra  above  backgr: 


N  w  No  hl<m  %  to  dnv<«  2 

’*  ipoon, 

C  *  N<»  liUm  >  to  dnv<> 

“  <  Jung. 

M<  IHOOOI  fNVtSTICAllON 

JM 

**  wicK _ ULQ_lb  pin  wt  I  a  1  tin c 

with _ lb.  weifht  I  lltiof 

'  Nr 


_"p«f  blow.  CLASSIFICATION 
-"per  blow.  _ _ 


APPENDIX  B  -  lb 


Well  Installation  Logs 
Site  FT-08 

Source:  UNC  Geotech,  1991. 


AIR  FORCE  BASE 
CF-5 

TH:  20  FT 
MPLETIONS:  1 


DESCRIPTION 


SILT,  CLAYEY.  VERY  DARK  BROWN  (7.S  YR  N2/2), 
MOIST.  LOOSE. 


SANO,  COARSE-CRAINEO.  WITH  OCCASIONAL  GRAVEL 
UGHT  BROWNISH  CRAY  (10  YR  6/2).  SATURATED. 


GRADES  TO:  SAND.  FINE-GRAINED.  LOOSE. 
SATURATED. 


GRADES  TO:  SAND.  MEDIUM— TO  COARSE-GRAINED. 


WESTOVER  AIR  FORCE  BASE 
HOLE  NO.:  CF-6/6A 
TOTAL  DEPTH:  90  FT 
NO.  OF  COMPI  FTinN<v  2 


>>  w  <  WELL 

£  5C  a.  CONSTRUCTION 


GRAPHIC 
LOG 


DESCRIPTION 


15T» 


20H| 


m 

b 

i 

\mi 

\ml 


VERY  0AHK  BR0VVN  (T.5  YR  N2/2), 

MOIST,  LOOSE. 


SAND.  COARSE— CHAINED,  BROWNISH  CRAY 
(10  YR  6/2).  LOOSE  WET,  MINOR  PEBBLES. 


35 1? 


UBSt} 


4-oiIS 


\m\ 


K5118 


soil 


55  it 


60- If 
16 
19 

65-’? 

17 
22 

70-16 

'  w  18 

18 
21 

75-1 


Iras 


11 

■ 

■ 

mi 


;.V*;-vv;i  ^  nNE  “  TO  medium-chained  sand 

V'-V-Vv]  BCT^EN  50  AND  65  FEET. 


SANO.  FINE— CRAJNED,  CRAY  (10  YR  5/1) 
SATURATED.  '  J ' 


SO-]? 


85  if 


mi 

■ 

mi 


BR0W  (,°  W  V2). 


90H?° 

7 

7 


^Vf?T°L^SNA‘nN<5  aAY*  0ARK  WAY  (10  YR  3/4) 
ANO  SILT.  CLAYEY.  PALE  BROWN  (10  YR  6/3)  '  ' 

SOFT  TO  MOOERATCLY  STIFF,  SATURATED. 


B-12 


WESTOVER  AIR  FORCE  BASE 
HOLE  NO.:  CF-7 
TOTAL  DEPTH:  95  FT 
NO.  OF  COMPLETIONS:  1 


GRAPHIC 

LOG 


SANO.  SILTY.  VERY  DARK  GRAYISH  BROW  (10  YR  3/2) 
LOOSE.  MCHST.  '  ' 


SANO.  COARSE-GRAINED.  YELLOWISH  BROWN  (10  YR  5/6) 
SATURATED  BELOW  5.5  FEET. 


SANO.  VERY  COARSE-GRAINED.  L1CHT  YELLOWISH  BROWN 
(10  YR  6/4).  NUMEROUS  PEBBLES. 


SANO.  FINE— GRAINED,  UGHT  YELLOWISH  8ROWN(lO  YR  5/4) 
LOOSE.  NO  PEBBLES. 


GRADES  TO  SAND.  COARSE-GRAINED  AT  30  FEET. 


GRADES  TO  SAND.  FINE— CRAJNED.  (10  YR  5/3) 
NO  PEBBLES. 


SANO.  UNDIFFERENTIATED.  GLACIAL  OUTWASH. 
NOT  SAMPLED  BECAUSE  SAND  RUNS. 


CLAY.  SILTY.  GRAY  (10  YR  5/1).  LACUSTRINE  DEPOSITS. 


APPENDIX  B  -  Ic 

Well  Installation  Log 
Site  FT-08 

Source:  O’Brien  and  Gere,  1994. 


i 

I 


O'BRIEN  &  GERE  ENGINEERS,  INC. 


SOIL  BORING  LOG 


LOG  NUMBER:  OBG-CF8 

SHEET  t  OF  I 


CLIENT:  United  State*  Air  Force 

PROJECT  LOCATION:  Weatover,  A.F.B. 
_ Chicopee,  Massachusetts 


DATE 


GROUNDWATER  LEVELS 

DEPTH  ELEV. 


FILE  No.:  1549.009 


DRILLING  METHOD:  Hollow  Stem  Auger 
SAMPLER  TYPE:  Splilspooa 
HAMMER:  1401b  FALL:  30* 


t'BRIEN  &  GERE  GEOLOGIST:  FJ  Ferreira 
ORING  CO.:  A&W  Environmental  Drilling 
OREMAN:  J.  HalabunZa 


BORING  LOCATION:  FT-OSCFTA 
GROUND  ELEVATION: 

DATES:  STARTED:  6/16/93  ENDED:  6/16/93 


LBGEND:  Grout/BeaL 
Sand  Packing 
Natural  Mater. 


warn 

i 


l 

f 

i 

t 

f 

I 

i 

c 

I 

» 

I 


I 


I 

i 


0**5  * 


S'-T 


10**12’ 


15*-17* 


20**22* 


ifiDRIVERii:!::: 


6H&-7-7 


3-2HS-4 


2-l-2*I 


W-W-l-1 


PENETRATION 

i|?RBCXiy^Y :f  :j 


m: 

(value] 


No  Sample 


24/12 


24/14 


24m 


24/3 


13 


ote:  WELL  CONSTRUCTION  DETAILS 

-  2"  ID  schedule  40  PVC  well  set  @  20* 

-*  15*  of  10  slot  screen  set  from  20,-5* 

-  5*  of  solid  riser  positioned  from  5*— (-*)2* 
—  Washed  silica  sand  positioned 

from  20*“4* 


iDE^^ 


(Fill) 


Med.  Dense.  Brown/Tan.  Moist.  F-C  SAND,  some 
v-f  gravel,  tr.  silt 

(Fill) 

Loose.  Brown/Gray,  Wet.  F-M  SAND,  some 
v-f  gravel,  tr.  v-f  pebbles 


Loose.  Oray/Tan.  Wet,  F-M  SAND,  some 
v-f  gravel 

(Glacial  Outwash  Deposit) 


Loose,  Gray.  Wet.  SILTY  SAND,  tr.  f-m  sand 
(Glacial  Lacustrine  Deposit) 


BOTTOM  OF  EXPLORATION  @  72.0' 


STRATUM 

CTANGE 

DEPTH 


EQUIPMENT 

INSTALLED:: 


10’ 


20’ 


iFIBLD-TESTINOi 


SAJ£; 


iH/s? 


KN4 

(ppm)| 


0.0 


0.0 


0.0 


0.0 


S* 


-  Bentonite  seal  from  4’-2* 

-  Grout  set  from  2,-0’ 

-  Measurements  referenced  from  grade. 

-  Well  encapsulated  in  2*  locking  steel 
casing. 


Field  testing/HNu  column  presents 
soil  screening  results.  HNu  calibrated 
to  a  benzene  equivalent. 


I 

V\ 

I 


■  VWBOl&APC-BLOO.WKl 
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APPENDIX  B  -  2 


Summary  of  Soil  and  Groundwater 
Analytical  Data 
Site  FT-08 


Source:  O’Brien  and  Gere,  1994. 
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WAFB  Site  FT -08:  Ground  Water  Investigation 
Validated  Results  for  Dissolved  Metals 
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Dimethylphthalate  450  U  380  U  400  U  360 

Acenaphthylene  450  U  380  U  400  U  360 

2,6-Dinltrotoluene  450  U  380  U  400  U  360 

3-Nitroanlline _  2300  U _ 2000  U  2000  U  1800 

UNITS  UG/KG  DRY  WEIGHT 
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UNITS:  UG/KG  DRY  WEIGHT 
♦  UG/L 


TABLE  4.15 

SUMMARY  OF  SOIL  BORING  ANALYSES 
CURRENT  FIRE  TRAINING  AREA 
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APPENDIX  B-  3 


Summary  of  Groundwater 
Analytical  Data 
Site  FT-08 


Source:  O’Brien  and  Gere,  1995. 


Volatile  Organic  Compounds 
Method  SW8240 


%wuanterra 

Enxironmental 

Services 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix: 
Authorized: 
Instrument : 


O'Brien  &  Gere  Engineers,  Inc. 

TF-1A  (0.00,0.00,) 

109364 -0001- SA 

GRND-H20  Sampled:  29  DEC  94 

30  DEC  94  Prepared:  03  JAN  95 

GC/MS-MH  Dilution:  1.0 


Received:  30  DEC  94 
Analyzed:  03  JAN  95 


Parameter 

Chi orome thane 
Bromomethane 
Vinyl  chloride 
Chloroethane 
Methylene  chloride 
Acetone 

Carbon  disulfide 

1 . 1 - Dichloroethene 

1 . 1 - Dichloroe thane 

1 ,  2 -Dichloroethene  (Total ) 
Chloroform 

1 . 2 - Dichloroethane 
2-Butanone  (MEK) 

1,1,1 -Trichloroe thane 
Carbon  tetrachloride 
Vinyl  acetate 
Bromodichlorome thane 

1 . 2 - Dichloropropane 
cis - 1 , 3 -Dichloropropene 
Trichloroethene 
Dibromochl orome thane 

1.1. 2 - Trichloroe thane 
Benzene 

trans -1,3 -Dichloropropene 
2 -Chloroethyl  vinyl  ether 
Bromoform 

4 -Methyl -  2 -pentanone  (MIBK) 

2 -Hexanone 

Tetrachloroethene 

1 / 1 , 2 , 2 -Tetrachloroethane 

Toluene 

Chlorobenzene 

Ethylbenzene 

Styrene 

Xylenes  (total) 

Surrogate 

1 . 2 - Dichloroethane - d4 
Toluene -d8 

Bromof luorobenzene 


Result  Qualifier 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Recovery 

98  % 

104  % 

99  % 


RL 

Units 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

5.0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5 .0 

ug/L 

5 . 0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5 . 0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

10 

ug/L 

5 . 0 

ug/L 

10 

ug/L 

10 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

Acceptable 

:  Range 

79  - 

127 

88  - 

110 

86  - 

115 

ND  =  Not  Detected 


R-?Q 


a 

a 

«i 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

’I 

I 


Volatile  Organic  Compounds 
Method  SW8240 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix: 
Authorized: 
Instrument : 


O'Brien  &  Gere  Engineers,  Inc. 

TF-2  (0.00,0.00,) 

109364-0004 -SA 

GRND-H20  Sampled:  29  DEC  94 

30  DEC  94  Prepared:  03  JAN  95 

GC/MS-MH  Dilution:  1.0 


€j$uanterra 

Ensironmental 

Services 


Received:  30  DEC  94 
Analyzed:  03  JAN  95 


Parameter 

Chi orome  thane 
Bromome thane 
Vinyl  chloride 
Chi oroe thane 
Methylene  chloride 
Acetone 

Carbon  disulfide 

1. 1 - Dichloroethene 

1 . 1 - Dichloroethane 

1 . 2 - Dichloroethene  (Total) 
Chloroform 

1 . 2 - Dichloroethane 
2 -Butanone  (MEK) 

1,1, 1 -Trichloroe thane 
Carbon  tetrachloride 
Vinyl  acetate 
Bromodi chi orome thane 

1 . 2 - Dichloropropane 
cis - 1 , 3 -Dichloropropene 
Trichloroe thene 
Dibromochl orome thane 

1.1.2 - Trichloroe thane 
Benzene 

trans -1,3 -Dichloropropene 
2 -Chloroethyl  vinyl  ether 
Bromoform 

4 -Methyl -  2 -pentanone  (MIBK) 

2 -Hexanone 

Tetrachloroe thene 

1 # 1 / 2 , 2 -Tetrachloroethane 

Toluene 

Chlorobenzene 

Ethylbenzene 

Styrene 

Xylenes  (total) 

Surrogate 

1 . 2 - Dichloroethane - d4 
Toluene -d8 

Bromof luorobenzene 


Result  Qualifier 

ND 

ND 

ND 

ND 

3.3  J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Recovery 

101  % 

104  % 

101  % 


RL 

Units 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

5.0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5 . 0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5 . 0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5 . 0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5 . 0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

10 

ug/L 

5 . 0 

ug/L 

10 

ug/L 

10 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

Acceptable 

i  Range 

79  - 

127 

88  - 

110 

86  - 

115 

J  Result  is  detected  below  the  reporting  limit  or  is  an  estimated  concentration 
ND  =  Not  Detected 
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Volatile  Organic  Compounds 
Method  SW8240 


4[ wuanterra 

Emironmental 

Services 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix: 
Authorized : 
Instrument : 


O'Brien  &  Gere  Engineers,  Inc. 

TF-2A  (0.00,0.00,) 

109364-0003 -SA 

GRND-H20  Sampled:  29  DEC  94 

30  DEC  94  Prepared:  03  JAN  95 

GC/MS-MH  Dilution:  1.0 


Received:  30  DEC  94 
Analyzed:  03  JAN  95 


Parameter 

Chi orome thane 
Bromome thane 
Vinyl  chloride 
Chloroethane 
Methylene  chloride 
Acetone 

Carbon  disulfide 

1. 1 - Dichloroethene 

1 . 1 - Dichloroethane 

1 . 2 - Dichloroethene  (Total) 
Chloroform 

1 . 2 - Dichloroethane 
2-Butanone  (MEK) 

1,1, 1 -Trichloroethane 
Carbon  tetrachloride 
Vinyl  acetate 
B  romodi ch 1 or ome  thane 

1 . 2 - Dichloropropane 
cis - 1 , 3 -Dichloropropene 
Trichloroethene 
Dibromochlorome thane 

1.1. 2 - Trichloroethane 
Benzene 

trans -1,3 -Dichloropropene 
2  - Chloroethyl  vinyl  ether 
Bromoform 

4 -Methyl -  2 -pentanone  (MIBK) 
2 -Hexanone 
Tetrachloroethene 

1 . 1 . 2 . 2 - Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 

Styrene 

Xylenes  (total) 

Surrogate 

1 . 2 - Dichloroethane -d4 
Toluene  - d8 

Bromof luorobenzene 


Result  Qualifier 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

26 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

3.6  J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
27 
ND 

240 

ND 

370 

Recovery 

101  % 

103  % 

105  % 


RL 

Units 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

5.0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

10 

ug/L 

5.0 

ug/L 

10 

ug/L 

10 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

Acceptable  Range 

79  -  127 
88  -  110 
86  -  115 


J  =  Result  is  detected  below  the  reporting  limit  or  is  an  estimated  concentration. 
ND  =  Not  Detected 
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* 

4 wuanterra 

Emir  on  mental 

Volatile  Organic  Compounds 

Services 

0 

Method  SW8240 

Client  Name:  O'Brien  &  Gere 

Engineers,  Inc. 

Client  ID:  TF-3 

(0.00,0.00, ) 

9H  LAB  ID:  109364-0002  -SA 

Matrix:  GRND-H20 

Sampled:  29  DEC  94 

Received 

30  DEC  94 

Authorized:  30  DEC  94 

Prepared:  03  JAN  95 

Analyzed 

03  JAN  95 

mM  Instrument:  GC/MS-MH 

Dilution:  1.0 

Parameter 

Result  Qualifier 

RL 

Units 

■9  Chi  orome  thane 

ND 

10 

ug/L 

Bromomethane 

ND 

10 

ug/L 

Vinyl  chloride 

ND 

10 

ug/L 

Chloroethane 

ND 

10 

ug/L 

9H  Methylene  chloride 

ND 

5.0 

ug/L 

Acetone 

ND 

10 

ug/L 

Carbon  disulfide 

ND 

5.0 

ug/L 

l , l -Dichloroethene 

ND 

5.0 

ug/L 

WM  1, l-Dichloroethane 

ND 

5.0 

ug/L 

1 , 2 -Dichloroethene  (Total) 

ND 

5.0 

ug/L 

Chloroform 

ND 

5.0 

ug/L 

1, 2 -Dichloroethane 

ND 

5.0 

ug/L 

2-Buta none  (MEK) 

ND 

10 

ug/L 

1,1, 1  -Trichloroethane 

ND 

5.0 

ug/L 

Carbon  tetrachloride 

ND 

5.0 

ug/L 

Vinyl  acetate 

ND 

10 

ug/L 

fl  Bromodichlorome  thane 

ND 

5.0 

ug/L 

1 , 2 -Dichloropropane 

ND 

5.0 

ug/L 

cis-1, 3-Dichloropropene 

ND 

5.0 

ug/L 

Wm  Trichloroethene 

ND 

5.0 

ug/L 

™  Dibromochlorome thane 

ND 

5.0 

ug/L 

1,1,2 -Trichloroethane 

ND 

5.0 

ug/L 

Benzene 

ND 

5.0 

ug/L 

■1  trans-1, 3-Dichloropropene 

ND 

5.0 

ug/L 

2 -Chloroethyl  vinyl  ether 

ND 

10 

ug/L 

Bromoform 

ND 

5.0 

ug/L 

fll  4 -Methyl -  2 -pentanone  (MIBK) 

ND 

10 

ug/L 

91  2-Hexanone 

ND 

10 

ug/L 

Tetrachloroethene 

ND 

5.0 

ug/L 

1 , 1 , 2 , 2 -Tetrachloroethane 

ND 

5.0 

ug/L 

l|«  Toluene 

ND 

5.0 

ug/L 

H  Chlorobenzene 

ND 

5.0 

ug/L 

Ethylbenzene 

ND 

5.0 

ug/L 

^ wm  Styrene 

ND 

5.0 

ug/L 

jBH  Xylenes  (total) 

ND 

5.0 

ug/L 

Surrogate 

Recovery 

Acceptable 

Range 

fjl  1 , 2-Dichloroethane-d4 

96  % 

79  -  127 

Toluene -d8 

103  % 

88  -  110 

Bromof luorobenzene 

oY> 

CO 

<T\ 

86  -  115 

II 

11 

H  ND  =  Not  Detected 

11 
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($>uanterra 

Volatile  Organic  Compounds  Emironmcntai 

Method  SW8 24  0  Services 

Client  Name 
Client  ID: 

LAB  ID: 

Matrix: 

Authorized: 

Instrument : 


O  Brien  &  Gere  Engineers,  Inc. 
TF‘5  (0.00,0.00,) 
109394-0004 -SA 

GRND-H20  Sampled 

04  JAN  95  Prepared 

GC/MS-MF  Dilution 


Sampled:  03  JAN  95 
Prepared:  05  JAN  95 


Dilution:  1.0 


Received:  04  JAN  95 
Analyzed:  05  JAN  95 


Parameter 

Chlorome  thane 
Bromomethane 
Vinyl  chloride 
Chloroe thane 
Methylene  chloride 
Acetone 

Carbon  disulfide 

1 . 1 - Dichloroethene 

1 . 1 - Dichloroethane 

1.2 - Dichloroethene  (Total) 
Chloroform 

1 . 2 - Dichloroethane 
2-Butanone  (MEK) 

1,1, 1 -Tri chloroe thane 
Carbon  tetrachloride 
Vinyl  acetate 
Bromodi chlorome thane 

1 . 2 - Dichloropropane 
cis - 1 , 3 -Dichloropropene 
Trichloroethene 
Dibromochlorome thane 

1.1.2 - Trichloroethane 
Benzene 

trans -1,3 -Dichloropropene 
2 -Chloroe thy 1  vinyl  ether 
Bromof orm 

4 -Methyl -2 -pentanone  (MIBK) 
2 -Hexanone 
Tetrachloroethene 

1 . 1 . 2 . 2 - Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 

Styrene 

Xylenes  (total) 

Surrogate 

1 . 2 - Dichloroethane - d4 
Toluene  - d8 

Bromof luorobenzene 


Result  Qualifier 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

2.0  J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1.5  J 
ND 
ND 

Recovery 

102  % 

103  % 

102  % 


RL 

Units 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

5.0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5 . 0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5 . 0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5 . 0 

ug/L 

10 

ug/L 

5 . 0 

ug/L 

10 

ug/L 

10 

ug/L 

5 . 0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

-ceptabl 

e  Range 

79  - 

127 

88  - 

110 

86  - 

115 

J  =  Result  is  detected  below  the  reporting  limit  or  is 
ND  =  Not  Detected 


an  estimated  concentration. 


Volatile  Organic  Compounds 
Method  SW8240 


4$ uanterra 

Environmental 

Services 


Client  Name 
Client  ID: 
LAB  ID: 
Matrix : 
Authorized : 
Instrument : 


O'Brien  &  Gere  Engineers.  Inc. 


TF-7 

109394-0003 -SA 
GRND-H20 
04  JAN  95 
GC/MS-MF 


(0.00,0.00, ) 

Sampled: 
Prepared: 
Dilution : 


03  JAN  95 
05  JAN  95 
1.0 


Received:  04  JAN  95 
Analyzed:  05  JAN  95 


Parameter 

Chloromethane 
Bromomethane 
Vinyl  chloride 
Chloroethane 
Methylene  chloride 
Acetone 

Carbon  disulfide 

1 . 1 - Dichloroethene 

1 . 1 - Dichloroethane 

1. 2 - Dichloroethene  (Total) 
Chloroform 

1 . 2 - Dichloroethane 
2  - Butanone  (MEK) 

1,1, 1 -Trichloroethane 
Carbon  tetrachloride 
Vinyl  acetate 
Bromodi chloromethane 

1 . 2 - Dichloropropane 
cis -1,3 -Dichloropropene 
Trichloroethene 
Dibromochlorome thane 

1. 1. 2 - Trichloroethane 
Benzene 

trans -1,3 -Dichloropropene 
2 -Chloroethyl  vinyl  ether 
Bromoform 

4 -Methyl  -  2 -pentanone  (MIBK) 

2 -Hexanone 

Tetrachloroethene 

1,1,2, 2  - Tetrachloroethane 

Toluene 

Chlorobenzene 

Ethylbenzene 

Styrene 

Xylenes  (total) 

Surrogate 

1 . 2 - Dichloroethane - d4 
Toluene -d8 

Bromof luorobenzene 


Result  Qualifier 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Recovery 

99  % 

100  % 

98  % 


RL 

Units 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

5.0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

10 

ug/L 

5.0 

ug/L 

10 

ug/L 

10 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

^ceptabl 

e  Range 

79  - 

127 

88  - 

110 

86  - 

115 

ND  =  Not  Detected 


B-34 


Volatile  Organic  Compounds 
Method  SW8240 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix : 
Authorized: 
Instrument : 


O'Brien  &  Gere 
TF-8 

109394-0002- S A 
GRND-H20 
.04  JAN  95 
GC/MS-MF 


Engineers ,  Inc. 

(0.00,0.00,) 

Sampled: 
Prepared: 
Dilution : 


03  JAN  95 
05  JAN  95 
1.0 


4^uanterra 

Environmental 

Scn'ices 


Received:  04  JAN  95 
Analyzed:  05  JAN  95 


Parameter 

Chi orome thane 
Bromome thane 
Vinyl  chloride 
Chloroe thane 
Methylene  chloride 
Acetone 

Carbon  disulfide 

1. 1 - Dichloroethene 

1 . 1 - Dichloroethane 

1 . 2 - Dichloroethene  (Total) 
Chloroform 

1 . 2 - Dichloroethane 
2 -Butanone  (MEK) 

1,1, 1 -Trichloroe thane 
Carbon  tetrachloride 
Vinyl  acetate 
Bromodichlorome thane 

1. 2 - Dichloropropane 
cis- 1 , 3 -Dichloropropene 
Tri chloroe thene 

D ibromoch 1 orome  thane 

1.1.2 - Trichloroethane 
Benzene 

trans - 1 , 3 -Dichloropropene 
2 -Chloroethyl  vinyl  ether 
Bromof orm 

4 -Methyl -  2 -pentanone  (MIBK) 
2 -Hexanone 
Tetrachloroe thene 

1 . 1 . 2 . 2 - Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 

Styrene 

Xylenes  (total) 

Surrogate 

1 , 2  - Dichloroethane -d4 

Toluene-d8 

Bromof luorobenzene 


Result:  Qualifier 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1-4  j 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1-4  J 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Recovery 

97 

98 

98 


RL 

Units 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

5 . 0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5 . 0 

ug/L 

5 . 0 

ug/L 

5.0 

ug/L 

5 . 0 

ug/L 

5 . 0 

ug/L 

10 

ug/L 

5 . 0 

ug/L 

5 . 0 

ug/L 

10 

ug/L 

5.0 

ug/L 

5 . 0 

ug/L 

5 . 0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5 . 0 

ug/L 

5 . 0 

ug/L 

5.0 

ug/L 

10 

ug/L 

5.0 

ug/L 

10 

ug/L 

10 

ug/L 

5 . 0 

ug/L 

5 . 0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

5.0 

ug/L 

Acceptable 

Range 

79  - 

127 

88  - 

110 

86  - 

115 

J  =  Result  is  detected  below  the  reporting  limit  or  is  an  estimated 
ND  =  Not  Detected 


concentration . 


uanterra 

Environmental 

Sen’iccs 


Client  Name:  O'Brien  &  Gere  Engineers,  Inc. 

Client  ID:  TF-11  (0.00,0.00,) 

LAB  ID:  109394-0001- SA 

Matrix:  GRND-H20  Sampled:  03  JAN  95 

Authorized:  04  JAN  95  Prepared:  05  JAN  95 

Instrument:  PTGC/MS  Dilution:  1.0 


Parameter 

Result 

Qualifier 

RL 

Units 

Chi orome thane 

ND 

10 

ug/L 

Bromome thane 

ND 

10 

ug/L 

Vinyl  chloride 

ND 

10 

ug/L 

Chloroethane 

ND 

10 

ug/L 

Methylene  chloride 

ND 

5.0 

ug/L 

Acetone 

ND 

10 

ug/L 

Carbon  disulfide 

ND 

5.0 

ug/L 

l , 1 -Dichloroethene 

ND 

5 . 0 

ug/L 

1 , 1 -Dichloroethane 

ND 

5 . 0 

ug/L 

1 , 2 -Dichloroethene  (Total) 

15 

5.0 

ug/L 

Chloroform 

ND 

5 . 0 

ug/L 

1 , 2 -Dichloroethane 

ND 

5 . 0 

ug/L 

2-Butanone  (MEK) 

ND 

10 

ug/L 

1,1, 1 -Trichloroethane 

ND 

5.0 

ug/L 

Carbon  tetrachloride 

ND 

5 . 0 

ug/L 

Vinyl  acetate 

ND 

10 

ug/L 

Bromodi chi orome  thane 

ND 

5.0 

ug/L 

1 , 2 -Dichloropropane 

ND 

5 . 0 

ug/L 

cis - 1 , 3 -Dichloropropene 

ND 

5 . 0 

ug/L 

Trichloroethene 

ND 

5.0 

ug/L 

Dibromochlorome thane 

ND 

5.0 

ug/L 

1,1,2 -Trichloroethane 

ND 

5 . 0 

ug/L 

Benzene 

1 .4 

J 

5.0 

ug/L 

trans -1,3 -Dichloropropene 

ND 

5.0 

ug/L 

2 -Chloroethyl  vinyl  ether 

ND 

10 

ug/L 

Bromof orm 

ND 

5 . 0 

ug/L 

4 -Methyl -  2 -pentanone  (MIBK) 

ND 

10 

ug/L 

2 -Hexanone 

ND 

10 

ug/L 

Tetrachloroethene 

ND 

5.0 

ug/L 

1 , 1 , 2 , 2 -Tetrachloroethane 

ND 

5.0 

ug/L 

Toluene 

0 .94 

J 

5.0 

ug/L 

Chlorobenzene 

ND 

5 . 0 

ug/L 

Ethylbenzene 

69 

5.0 

ug/L 

Styrene 

ND 

5.0 

ug/L 

Xylenes  (total) 

7.6 

5.0 

ug/L 

Surrogate 

Recovery 

Acceptable 

Range 

1 , 2 -Dichloroethane - d4 

103 

% 

79  - 

127 

Toluene  - d8 

103 

% 

88 

110 

Bromof luorobenzene 

103 

% 

86  - 

115 

J  =  Result  is  detected  below  the  reporting  limit  or  is  an  estimated  concentration. 
ND  =  Not  Detected 


Received:  04  JAN  95 
Analyzed:  05  JAN  95 


Volatile  Organic  Compounds 
Method  SW8240 


B-36 


Semivolatile  Organic  Compounds 
Method  SW8270 


Client  Name:  O'Brien  &  Gere 

Client  ID:  TF-1A 

LAB  ID:  109364  -  0001 -SA 

Matrix:  GRND-H20 

Authorized:  30  DEC  94 

Instrument:  GC/MS-MA 


Engineers,  Inc. 

(0.00,0.00,) 

Sampled:  29  DEC  94 
Prepared:  30  DEC  94 
Dilution:  1.0 


Parameter 


Result  Qualifier 


Hjruanterra 

Environmental 

Services 


Received:  30  DEC  94 
Analyzed:  03  JAN  95 


RL  Units 


Phenol 

bis (2 -Chloroethyl)  ether 
2  - Chlorophenol 

1 . 3 - Dichlorobenzene 

1 . 4 - Dichlorobenzene 
Benzyl  alcohol 

1 , 2 -Dichlorobenzene 
2 -Methylphenol 

bis (2 -Chloroisopropyl ) -ether 

3/4 -Methylphenol 

N- Nit roso - di -n -propylamine 

Hexachloroe thane 

Nitrobenzene 

Isophorone 

2 -Nitrophenol 

2 . 4 - Dimethylphenol 
Benzoic  acid 

bis  (2 -Chloroethoxy) -methane 

2 . 4 - Dichlorophenol 

1.2.4 - Trichlorobenzene 
Naphthalene 

4 -Chloroaniline 
Hexachlorobutadiene 
4 -Chloro- 3 -methylphenol 
2 -Methylnaphthalene 
Hexachlorocyclopentadiene 

2.4.6 - Trichlorophenol 

2.4. 5 - Trichlorophenol 
2  - Chloronaphthalene 

2 - Nitroaniline 
Dimethyl  phthalate 
Acenaphthylene 

2 . 6 - Dinitrotoluene 

3 - Nitroaniline 
Acenaphthene 

2 . 4 - Dinitrophenol 

4 - Nitrophenol 
Dibenzofuran 

2 . 4 - Dinitrotoluene 
Diethyl  phthalate 

4  - Chlorophenyl  phenyl  ether 
Fluorene 
4 -Nitroaniline 

4 . 6 - Dini tro- 2 -methylphenol 
N-Nitrosodiphenylamine 

4 -Bromophenyl  phenyl  ether 


ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 


10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

50 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

50 

ug/L 

10 

ug/L 

50 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

50 

ug/L 

10 

ug/L 

50 

ug/L 

50 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

50 

ug/L 

50 

ug/L 

10 

ug/L 

10 

ug/L 

ND  =  Not  Detected 


B-37 


* 

* 

n 

n 

11 

II 

II 

d 

il 

il 

il 

il 

il 

il 

il 

il 

il 

I 


Semivolatile  Organic  Compounds 
Method  SW8270 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix: 
Authorized: 
Instrument : 


O'Brien  &  Gere  Engineers,  Inc. 

TF-1A  (0.00,0.00,) 

109364 -0001- SA 

GRND-H20  Sampled:  29  DEC  94 

30  DEC  94  Prepared:  30  DEC  94 

GC/MS-MA  Dilution:  1.0 


uanterra 

Emironmentaj 
Services  (cont.) 


Received:  30  DEC  94 
Analyzed:  03  JAN  95 


Parameter 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di-n -butyl  phthalate 

Fluoranthene 

Pyrene 

Butyl  benzyl  phthalate 
3,3' -Dichlorobenzidine 
Benzo (a) anthracene 
Chrysene 

bis (2-Ethylhexyl) -phthalate 
Di-n- octyl  phthalate 
Benzo (b) fluoranthene 
Benzo (k) fluoranthene 
Benzo (a) pyrene 
Indeno ( 1 , 2 , 3  - c , d) pyrene 
Dibenz (a, h) anthracene 
Benzo (g,h, i)perylene 

Surrogate 

Nit  robenz  ene - d5 
2  - Fluorobiphenyl 
Terphenyl - dl4 
Phenol -d5 
2  - Fluorophenol 
2,4, 6 -Tribromophenol 


Result  Qualifier 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Recovery 


RL 

Units 

10 

ug/L 

30 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

20 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

Acceptable  Range 


68 

% 

38 

-  115 

73 

% 

43 

-  116 

89 

% 

21 

-  134 

28 

% 

10 

-  94 

47 

% 

21 

-  100 

66 

% 

25 

-  131 

ND  =  Not  Detected 


B-38 


uanterra 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix: 
Authorized : 
Instrument : 

Parameter 


Semivolatile  Organic  Compounds 
Method  SW8270 

O'Brien  &  Gere  Engineers,  Inc. 

TF_2  (0.00,0.00,) 

109364-0004 -SA 

GRND-H20  Sampled:  29  DEC  94 

30  DEC  94  Prepared:  30  DEC  94 

GC/MS-MA  Dilution:  1.0 


Environmental 

Services 


Phenol 

bis (2 -Chloroethyl )  ether 

2 -Chlorophenol 

1 . 3 - Dichlorobenzene 

1 . 4 - Dichlorobenzene 
Benzyl  alcohol 

1 , 2 -Dichlorobenzene 
2 -Methylphenol 

bis  (2 -Chloroisopropyl ) -ether 
3/4 -Methylphenol 
N-Nitroso-di -n -propylamine 

Hexa chi oroe thane 
Nitrobenzene 
Isophorone 
2 -Nitrophenol 

2 . 4 - Dimethylphenol 
Benzoic  acid 

bis  (2 -Chloroethoxy) -methane 

2 . 4 - Dichlorophenol 

1.2.4 - Trichlorobenzene 
Naphthalene 

4  - Chloroaniline 
Hexachlorobutadiene 
4 -Chloro- 3 -methylphenol 
2 -Methylnaphthalene 
Hexachlorocyclopentadiene 

2.4. 6 - Trichlorophenol 

2.4.5 - Trichlorophenol 
2  - Chloronaphthalene 

2 - Nitroaniline 
Dimethyl  phthalate 
Acenaphthylene 

2 . 6 - Dinitrotoluene 

3 - Nitroaniline 
Acenaphthene 

2 . 4 - Dinitrophenol 

4 - Nitrophenol 
Dibenzofuran 

2 . 4 - Dinitrotoluene 
Diethyl  phthalate 

4  - Chlorophenyl  phenyl  ether 
Fluorene 
4 -Nitroaniline 

4 . 6 - Dinitro- 2 -methylphenol 
N-Nitrosodiphenylamine 

4 -Bromophenyl  phenyl  ether 


Result  Qualifier 


Received:  30  DEC  94 
Analyzed:  03  JAN  95 


Units 


ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND  =  Not  Detected 


1 


Semivolatile  Organic  Compounds 
Method  SW8270 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix: 
Authorized: 
Instrument : 


O'Brien  &  Gere  Engineers,  Inc. 
TF-2  (0.00,0.00,) 

109364-0004 -SA 

GRND-H20  Sampled 

30  DEC  94  Prepared 

GC/MS-MA  Dilution 


29  DEC  94 

30  DEC  94 
1 . 0 


i ^uanterra 


Environmental 
Services  (cont .  ) 


Received:  30  DEC  94 
Analyzed:  03  JAN  95 


Parameter 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di-n-butyl  phthalate 

Fluoranthene 

Pyrene 

Butyl  benzyl  phthalate 
3,3' -Dichlorobenzidine 
Benzo (a) anthracene 
Chrysene 

bis (2 -Ethylhexyl) -phthalate 
Di -n-octyl  phthalate 
Benzo (b) fluoranthene 
Benzo (k) fluoranthene 
t  Benzo (a) pyrene 
Indeno ( 1 , 2 , 3  - c , d) pyrene 
I  Dibenz (a, h) anthracene 
I  Benzo (g, h, i) perylene 

i 

Surrogate 

I  Nitrobenzene -d5 
f  2  - Fluorobiphenyl 
Terphenyl -dl4 
Phenol -d5 
2  - Fluorophenol 
2,4, 6 -Tribromophenol 


Result  Qualifier 

RL 

Units 

ND 

10 

ug/L 

ND 

30 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

20 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

Recovery 

Acceptable 

Range 

65 

% 

38 

-  115 

73 

% 

43 

-  116 

90 

% 

21 

-  134 

22 

% 

10 

-  94 

32 

% 

21 

-  100 

62 

% 

25 

-  131 

=  Not  Detected 


B-40 


Semivolatile  Organic  Compounds 
Method  SW8270 


Client  Name:  O'Brien  &  Gere 

Client  ID:  TF-2A 

LAB  ID:  109364-0003-SA 

Matrix:  GRND-H20 

Authorized:  30  DEC  94 

Instrument:  GC/MS-MA 


Engineers,  Inc. 

(0.00,0.00, ) 

Sampled:  29  DEC  94 
Prepared:  30  DEC  94 
Dilution:  l.o 


(gruanterra 

Environmental 

Services 


Received:  30  DEC  94 
Analyzed:  03  JAN  95 


Parameter 

Phenol 

bis  (2  - Chloroethyl )  ether 
2  - Chlorophenol 
1 , 3 “Dichlorobenzene 

1 . 4 - Dichlorobenzene 
Benzyl  alcohol 

1 , 2 -Dichlorobenzene 

2 -Methylphenol 

bis (2 -Chloroisopropyl) -ether 
3/4 -Methylphenol 
N-Nitroso- di -n -propylamine 
Hexachloroe thane 
Nitrobenzene 
Isophorone 
2 -Nitrophenol 

2 . 4 - Dime thy Iphenol 
Benzoic  acid 

bis (2-Chloroethoxy) -methane 

2 . 4 - Dichlorophenol 

1.2.4-  Trichlorobenzene 
Naphthalene 

4 -Chloroaniline 
Hexachlorobutadiene 
4 -Chloro-3 -methylphenol 
2 -Methylnaphthalene 
Hexachlorocyclopentadiene 

2.4. 6 - Trichlorophenol 

2.4. 5 - Trichlorophenol 
2  - Chloronaphthalene 

2 - Nitroaniline 
Dimethyl  phthalate 
Acenaphthylene 

2. 6 - Dinitrotoluene 

3 - Nitroaniline 
Acenaphthene 

2 , 4  - Dinitrophenol 

4 - Nitrophenol 
Dibenzof uran 

2 , 4 -Dinitrotoluene 
Diethyl  phthalate 
4 -Chlorophenyl  phenyl  ether 
Fluorene 
4 -Nitroaniline 

4 . 6 - Dinitro- 2 -methylphenol 
N-Nitrosodiphenylamine 


Result  Qualifier 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

8.7  J 

ND 
ND 
ND 
ND 
21 
ND 
ND 
ND 

3.2  J 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

3.6  J 
ND 
ND 
ND 
ND 
ND 


RL 

Units 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

50 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

50 

ug/L 

10 

ug/L 

50 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

50 

ug/L 

10 

ug/L 

50 

ug/L 

50 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

50 

ug/L 

50 

ug/L 

10 

ug/L 

J  =  Result  is  detected  below  the  reporting  limit  or  is 
ND  =  Not  Detected 


an  estimated  concentration. 


B-41 


Semi volatile  Organic  Compounds 
Method  SW8270 


4$>uanterra 

Environmental 
Services  '  COnt .  / 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix: 
Authorized: 
Instrument : 


O'Brien  &  Gere  Engineers,  Inc. 

TF-2A  (0.00,0.00,) 

109364  -  0003 -SA 

GRND-H20  Sampled:  29  DEC  94 

30  DEC  94  Prepared:  30  DEC  94 

GC/MS-MA  Dilution:  1.0 


Received:  30  DEC  94 
Analyzed:  03  JAN  95 


Parameter 


Result  Qualifier 


RL  Units 


4 -Bromophenyl  phenyl  ether 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di -n-butyl  phthalate 

Fluoranthene 

Pyrene 

Butyl  benzyl  phthalate 
3,3' -Dichlorobenzidine 
Benzo (a) anthracene 
Chrysene 

bis (2-Ethylhexyl) -phthalate 
Di-n-octyl  phthalate 
Benzo (b) fluoranthene 
Benzo (k) fluoranthene 
Benzo (a) pyrene 
Indeno ( 1 , 2 , 3  - c , d) pyrene 
Dibenz (a, h) anthracene 
Benzo (g, h, i) perylene 

Surrogate 

Nitrobenzene -d5 
2  - Fluorobiphenyl 
Terphenyl -dl4 
Phenol -d5 
2  - Fluorophenol 
2,4, 6  - Tribromophenol 


ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

30 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

20 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

Recovery 

Acceptable 

Range 

73 

% 

38  - 

115 

80 

% 

43  - 

116 

87 

% 

21 

134 

25 

% 

10  - 

94 

35 

% 

21  - 

100 

88 

% 

25  - 

131 

ND  =  Not  Detected 


Semivolatile  Organic  Compounds 
Method  SW8270 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix: 
Authorized: 
Instrument : 


O'Brien  &  Gere  Engineers,  Inc. 
TF-3  (0.00,0.00,) 

109364-0002 -SA 

GRND-H20  Sampled 

30  DEC  94  Prepared 

GC/MS-MA  Dilution 


29  DEC  94 

30  DEC  94 

1.0 


%wuanterra 


Environmental 

Services 


Received:  30  DEC  94 
Analyzed:  03  JAN  95 


Parameter 

Phenol 

bis (2 -Chloroethyl)  ether 

2-Chlorophenol 

1 . 3 - Dichlorobenzene 

1 . 4 - Dichlorobenzene 
Benzyl  alcohol 

1 , 2 -Dichlorobenzene 
2 -Methylphenol 

bis (2 -Chloroisopropyl ) -ether 
3/4 -Methylphenol 
N-Nitroso-di -n-propylamine 
Hexachloroe thane 
Nitrobenzene 
Isophorone 
2 -Nitrophenol 

2 . 4 - Dimethylphenol 
Benzoic  acid 

bis (2 -Chloroethoxy) -methane 

2 . 4 - Dichlorophenol 

1.2.4 - Trichlorobenzene 
Naphthalene 

4  - Chloroani 1 ine 
Hexachlorobutadiene 
4 -Chloro- 3 -methylphenol 
2 -Methylnaphthalene 
Hexachlorocyclopentadiene 

2.4. 6 - Trichlorophenol 

2.4. 5 - Trichlorophenol 
2 -Chloronaphthalene 

2 - Nitroaniline 
Dimethyl  phthalate 
Acenaphthy 1 ene 

2 . 6 - Dinitrotoluene 

3 - Nitroaniline 
Acenaphthene 

2 . 4 - Dinitrophenol 

4 - Nitrophenol 
Dibenzofuran 

2 . 4 - Dinitrotoluene 
Diethyl  phthalate 

4  - Chlorophenyl  phenyl  ether 
Fluorene 
4 -Nitroaniline 

4 . 6 - Dinitro- 2 -methylphenol 
N-Nitrosodiphenylamine 

4  - Bromophenyl  phenyl  ether 


Result  Qualifier 

RL 

Units 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND  =  Not  Detected 


B-43 


* 

* 

H 

ll 


Semivolatile  Organic  Compounds 
Method  SW8270 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix: 
Authorized: 
Instrument : 


O'Brien  &  Gere  Engineers,  Inc. 

TF-3  (0.00,0.00,) 

109364-0002 -SA 

GRND-H20  Sampled:  29  DEC  94 

30  DEC  94  Prepared:  30  DEC  94 

GC/MS-MA  Dilution:  1.0 


Parameter 


Result  Qualifier 


($>uanterra 

Environmental 
Services  (cont  .  ) 


Received:  30  DEC  94 
Analyzed:  03  JAN  95 


RL  Units 


f 

l1 

1> 

I 

|l 

l 

i 

l 

! 


Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di-n-butyl  phthalate 

Fluoranthene 

Pyrene 

Butyl  benzyl  phthalate 
3,3' -Dichlorobenzidine 
Benzo (a) anthracene 
Chrysene 

bis (2-Ethylhexyl) -phthalate 
Di-n- octyl  phthalate 
Benzo (b) fluoranthene 
Benzo (k) fluoranthene 
Benzo (a) pyrene 
Indeno ( 1 , 2 , 3  - c , d) pyrene 
Dibenz (a, h) anthracene 
Benzo (g, h, i) perylene 

Surrogate 

Nitrobenzene - d5 
2  - Fluorobiphenyl 
Terphenyl -dl4 
Phenol -d5 
2  - Fluorophenol 
2,4, 6 -Tribromophenol 


ND 

10 

ug/L 

ND 

30 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

20 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

Recovery 

Acceptable 

i  Range 

60 

% 

38  - 

115 

67 

% 

43  - 

116 

85 

% 

21 

134 

21 

% 

10  - 

94 

33 

% 

21  - 

100 

61 

% 

25  - 

131 

I 

) 


ND  =  Not  Detected 


!  I 

I 


B-44 


f1 

_ - _ - 

%fvuanterra 

1 

Semivolatile  Organic  Compounds 

Environmental 

Services 

"l 

Method  SW8270 

_  Client  Name:  O'Brien  &  Gere 

Engineers,  Inc. 

.  1  Client  ID:  TF-5 

(0.00,0.00,) 

■  LAB  ID:  109394-0004- S A 

Matrix:  GRND-H20 

Sampled:  03  JAN  95 

Received 

04  JAN  95 

■  Authorized:  04  JAN  95 

Prepared:  05  JAN  95 

Analyzed 

06  JAN  95 

1  Instrument :  GC/MS 

Dilution:  1.0 

Parameter 

wm 

Result  Qualifier 

RL 

Units 

|  Phenol 

ND 

10 

ug/L 

|  bis (2 -Chloroethyl)  ether 

ND 

10 

ug/L 

2  - Chlorophenol 

ND 

10 

ug/L 

■  1 , 3 -Dichlorobenzene 

ND 

10 

ug/L 

I  B  1 , 4 -Dichlorobenzene 

ND 

10 

ug/L 

ft  Benzyl  alcohol 

ND 

10 

ug/L 

—  1 , 2 -Dichlorobenzene 

ND 

10 

ug/L 

B  2 -Methylphenol 

ND 

10 

ug/L 

j  B  bis (2 -Chloroisopropyl) -ether 

ND 

10 

ug/L 

*  3 /4 -Methylphenol 

ND 

10 

ug/L 

■|  N-Nitroso-di -n -propylamine 

ND 

10 

ug/L 

1  fl  Hexachloroethane 

ND 

10 

ug/L 

1  ™  Nitrobenzene 

ND 

10 

ug/L 

Isophorone 

ND 

10 

ug/L 

■  2 -Nitrophenol 

ND 

10 

ug/L 

]  B  2,4  - Dime thylphenol 

ND 

10 

ug/L 

|  Benzoic  acid 

ND 

50 

ug/L 

bis  (2 -Chloroethoxy)  -methane 

ND 

10 

ug/L 

B  2 , 4 -Dichlorophenol 

ND 

10 

ug/L 

I  B  1 , 2 , 4 -Trichlorobenzene 

ND 

10 

ug/L 

i  Naphthalene 

ND 

10 

ug/L 

—  4  - Chloroanil ine 

ND 

10 

ug/L 

-  fl  Hexachlorobutadiene 

ND 

10 

ug/L 

I  B  4 -Chloro- 3 -methylphenol 

ND 

10 

ug/L 

2 -Methylnaphthalene 

ND 

10 

ug/L 

tm  Hexachlorocyclopentadiene 

ND 

10 

ug/L 

?  fl  2,4,6 -Tr ichlorophenol 

ND 

10 

ug/L 

]  ™  2,4,5 -Tr ichlorophenol 

ND 

50 

ug/L 

2 -Chloronaphthalene 

ND 

10 

ug/L 

■  2 -Nitroaniline 

ND 

50 

ug/L 

1  |  Dimethyl  phthalate 

ND 

10 

ug/L 

|  Acenaphthylene 

ND 

10 

ug/L 

2 , 6  - D ini tro toluene 

ND 

10 

ug/L 

-  fl  3 -Nitroaniline 

ND 

50 

ug/L 

1  B  Acenaphthene 

ND 

10 

ug/L 

*  2 , 4 -Dinitrophenol 

ND 

50 

ug/L 

_  4 -Nitrophenol 

ND 

50 

ug/L 

t  B  Dibenzofuran 

ND 

10 

ug/L 

j  •  2 , 4 -Dinitrotoluene 

ND 

10 

ug/L 

Diethyl  phthalate 

ND 

10 

ug/L 

■  4  - Chlorophenyl  phenyl  ether 

ND 

10 

ug/L 

|  fl  Fluorene 

ND 

10 

ug/L 

|  4 -Nitroaniline 

ND 

50 

ug/L 

4  ,  6 -Dinitro- 2 -methylphenol 

ND 

50 

ug/L 

B  N-Nitrosodiphenylamine 

ND 

10 

ug/L 

I  fl  4 -Bromophenyl  phenyl  ether 

ND 

10 

ug/L 

|  J  ND  =  Not  Detected 

j 

B-45 

Semivolatile  Organic  Compounds 
Method  SW8270 


Emironmental 
Services  '  COnt .  ) 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix: 
Authorized : 
Instrument : 


O'Brien  &  Gere  Engineers,  Inc. 


TF-5  (0.00 

109394-0004 -SA 

GRND-H20 

04  JAN  95 

GC/MS 


0.00,) 

Sampled:  03  JAN  95 
Prepared:  05  JAN  95 
Dilution:  1.0 


Received:  04  JAN  95 
Analyzed:  06  JAN  95 


Parameter 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di -n-butyl  phthalate 

Fluoranthene 

Pyrene 

Butyl  benzyl  phthalate 
3,3' -Dichlorobenzidine 
Benzo (a) anthracene 
Chrysene 

bis (2 -Ethylhexyl ) -phthalate 
Di - n - octyl  phthalate 
Benzo (b) fluoranthene 
Benzo (k) fluoranthene 
Benzo (a) pyrene 
Indeno ( 1 , 2 , 3  - c , d) pyrene 
Dibenz (a, h) anthracene 
Benzo (g, h, i) perylene 

Surrogate 

Nitrobenzene  - d5 
2 -Fluorobiphenyl 
Terphenyl -dl4 
Phenol - d5 
2  - Fluorophenol 
2,4, 6 -Tribromophenol 


Result 

Qualifier 

RL 

Units 

ND 

10 

ug/L 

ND 

30 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

20 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

Recovery 

10  ug/L 

Acceptable  Range 

81 

% 

38  - 

115 

77 

% 

43  - 

116 

92 

% 

21  - 

134 

39 

% 

10  - 

94 

57 

% 

21  - 

100 

96 

% 

25  - 

131 

ND  s  Not  Detected 


B-46 


1* 

■ 

Semivolatile  Organic  Compounds 

%wua 

nterra 

Emironmental 

<%/»rvi/v»c 

'  1 

Method  SW8270 

Client  Name:  O'Brien  &  Gere 

Engineers,  Inc. 

I  Client  ID:  TF-7 

■  LAB  ID:  109394 -0003-SA 

(0.00,0.00,) 

Matrix:  GRND-H20 

Sampled:  03  JAN  95 

Received 

:  04  JAN 

95 

m  Authorized:  04  JAN  95 

Prepared:  05  JAN  95 

Analyzed 

:  06  JAN 

95 

1  Instrument :  GC/MS 

Dilution:  1.0 

Parameter 

Result  Qualifier 

RL 

Units 

■  Phenol 

ND 

10 

ug/L 

bis  (2 -Chloroethyl )  ether 

ND 

10 

ug/L 

2 -Chlorophenol 

ND 

10 

ug/L 

B  1 , 3 -Dichlorobenzene 

ND 

10 

ug/L 

|  1 , 4 -Dichlorobenzene 

ND 

10 

ug/L 

Benzyl  alcohol 

ND 

10 

ug/L 

1 , 2 -Dichlorobenzene 

ND 

10 

ug/L 

■  2 -Methylphenol 

ND 

10 

ug/L 

|  bis (2 -Chloroisopropyl )  -  ether 

ND 

10 

ug/L 

3/4 -Methylphenol 

ND 

10 

ug/L 

^  N-Nitroso-di-n-propylamine 

ND 

10 

ug/L 

■  Hexachloroethane 

ND 

10 

ug/L 

B  Nitrobenzene 

ND 

10 

ug/L 

Isophorone 

ND 

10 

ug/L 

m  2 -Nitrophenol 

ND 

10 

ug/L 

fl  2 , 4 -Dimethylphenol 

ND 

10 

ug/L 

Benzoic  acid 

ND 

50 

ug/L 

bis  (2 - Chloroethoxy)  -methane 

ND 

10 

ug/L 

fl  2 , 4 -Dichlorophenol 

ND 

10 

ug/L 

|  1 , 2 , 4 -Trichlorobenzene 

ND 

10 

ug/L 

Naphthalene 

ND 

10 

ug/L 

4  - Chloroani 1 ine 

ND 

10 

ug/L 

fl  Hexachlorobutadiene 

ND 

10 

ug/L 

I  4 -Chloro- 3 -methylphenol 

ND 

10 

ug/L 

2 -Methylnaphthalene 

ND 

10 

ug/L 

m  Hexachlorocyclopentadiene 

ND 

10 

ug/L 

fl  2,4,6 -Trichlorophenol 

ND 

10 

ug/L 

B  2,4,5 -Trichlorophenol 

ND 

50 

ug/L 

2 -Chloronaphthalene 

ND 

10 

ug/L 

0  2 -Nitroaniline 

ND 

50 

ug/L 

B  Dimethyl  phthalate 

ND 

10 

ug/L 

Acenaphthylene 

ND 

10 

ug/L 

2 , 6-Dinitrotoluene 

ND 

10 

ug/L 

fl  3 -Nitroaniline 

ND 

50 

ug/L 

fl  Acenaphthene 

ND 

10 

ug/L 

2 , 4 -Dinitrophenol 

ND 

50 

ug/L 

_ 4 -Nitrophenol 

ND 

50 

ug/L 

fl  Dibenzof uran 

ND 

10 

ug/L 

B  2 , 4 -Dinitrotoluene 

ND 

10 

ug/L 

Diethyl  phthalate 

ND 

10 

ug/L 

m 4 -Chlorophenyl  phenyl  ether 

ND 

10 

ug/L 

fl  Fluorene 

ND 

10 

ug/L 

4 -Nitroaniline 

ND 

50 

ug/L 

4 , 6 -Dinitro-2 -methylphenol 

ND 

50 

ug/L 

flN-Nitrosodiphenylamine 

ND 

10 

ug/L 

|4  -Bromophenyl  phenyl  ether 

ND 

10 

ug/L 

|nd  =  Not  Detected 

1 

B-47 

Semivolatile  Organic  Compounds 
Method  SW8270 


€$>uanterra 

SST-lcont.) 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix: 
Authorized: 
Instrument : 


O'Brien  &  Gere  Engineers,  Inc. 
TF~7  (0.00,0.00,) 
109394-0003 -SA 


GRND-H20 
04  JAN  95 
GC/MS 


Sampled: 
Prepared: 
Dilution : 


03  JAN  95 
05  JAN  95 
1.0 


Received:  04  JAN  95 
Analyzed:  06  JAN  95 


Parameter 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di -n-butyl  phthalate 

Fluoranthene 

Pyrene 

Butyl  benzyl  phthalate 
3,3' -Dichlorobenzidine 
Benzo (a) anthracene 
Chrysene 

bis  (2-Ethylhexyl)  -phthalate 
Di -n-octyl  phthalate 
Benzo (b) fluoranthene 
Benzo (k) fluoranthene 
Benzo (a) pyrene 
Indeno ( 1 , 2 , 3  - c , d) pyrene 
Dibenz (a, h) anthracene 
Benzo (g, h, i) perylene 

Surrogate 

Nitrobenzene  - d5 
2  - Fluorobiphenyl 
Terphenyl - dl4 
Phenol -d5 
2  - Fluorophenol 
2,4,6 -Tribromophenol 


Result  Qualifier 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Recovery 


98 


102 


RL 

Units 

10 

ug/L 

30 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

20 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

Acceptable  Range 


38 

-  115 

43 

-  116 

21 

-  134 

10 

-  94 

21 

-  100 

25 

-  131 

ND  =  Not  Detected 
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Semivolatile  Organic  Compounds 
Method  SW8270 


Mi  to 


jPuanterra 


Environmental 

Services 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix: 
Authorized: 
Instrument : 

Parameter 


O'Brien  &  Gere  Engineers,  Inc. 
TF-8  (0.00,0.00,) 

109394-0002 -SA 

GRND-H20  Sampled: 

04  JAN  95  Prepared: 

GC/MS  Dilution: 


03  JAN  95 
05  JAN  95 
1.0 


Received:  04  JAN  95 
Analyzed:  06  JAN  95 


Phenol 

bis  (2 -Chloroethyl )  ether 
2  - Chlorophenol 

1 . 3 - Dichlorobenzene 

1 . 4 - Dichlorobenzene 
Benzyl  alcohol 

1 , 2 -Dichlorobenzene 
2 -Methylphenol 

bis (2 -Chloroisopropyl) -ether 
3/4 -Methylphenol 
N-Nitroso-di -n -propylamine 
Hexachloroe thane 
Nitrobenzene 
Isophorone 
2 -Nitrophenol 

2 . 4 - Dimethylphenol 
Benzoic  acid 

bis (2 -Chloroethoxy) -methane 
2 , 4  - Dichlorophenol 

1.2. 4 - Trichlorobenzene 
Naphthalene 

4 -Chloroaniline 
Hexachlorobutadiene 
4 -Chloro- 3 -methylphenol 
2 -Methylnaphthalene 
Hexachlorocyclopentadiene 

2.4. 6 - Trichlorophenol 

2.4. 5 - Trichlorophenol 
2 -Chloronaphthalene 

2 - Nitroaniline 
Dimethyl  phthalate 
Acenaphthylene 

2 . 6- Dinitrotoluene 

3 - Nitroaniline 
Acenaphthene 

2 . 4 - Dinitrophenol 

4 - Nitrophenol 
Dibenzofuran 

2 . 4 - Dinitrotoluene 
Diethyl  phthalate 

4 -Chlorophenyl  phenyl  ether 
Fluorene 
4 -Nitroaniline 

4 . 6 - Dinitro- 2 -methylphenol 
N-Nitrosodiphenylamine 
4-Bromophenyl  phenyl  ether 


ND  =  Not  Detected 


Result  Qualifier 

RL 

Units 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

50 

ug/L 

ND 

50 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

B-49 


Semivolatile  Organic  Compounds 
Method  SW8270 


Emironmentaj 
Services  (COnt.) 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix : 
Authorized : 
Instrument : 


O'Brien  &  Gere  Engineers.  Inc. 


TF-8  (0.00 

109394- 0002 -SA 

GRND-H20 

04  JAN  95 

GC/MS 


0.00,) 

Sampled:  03  JAN  95 
Prepared:  05  JAN  95 
Dilution:  1.0 


Received:  04  JAN  95 
Analyzed:  06  JAN  95 


Parameter 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di -n-butyl  phthalate 

Fluoranthene 

Pyrene 

Butyl  benzyl  phthalate 
3,3' -Dichlorobenzidine 
Benzo (a) anthracene 
Chrysene 

bis  ( 2 - Ethylhexyl )  -phthalate 
Di -n- octyl  phthalate 
Benzo (b) fluoranthene 
Benzo (k) fluoranthene 
Benzo (a) pyrene 
Indeno ( 1 , 2 , 3  - c , d) pyrene 
Dibenz (a, h) anthracene 
Benzo (g , h, i ) perylene 

Surrogate 

Nitrobenzene  - d5 
2  - Fluorobiphenyl 
Terphenyl -dl4 
Phenol -d5 
2  - Fluorophenol 
2,4, 6 -Tribromophenol 


Result  Qualifier 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Recovery 

72 
72 
91 
36 
49 
94 


RL 

Units 

10 

ug/L 

30 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

20 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

10 

ug/L 

Acceptable  Range 

38  -  115 

43  -  116 

21  -  134 
10  -  94 

21  -  100 
25  -  131 


ND  =  Not  Detected 
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OPuanterra 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix: 
Authorized: 
Instrument : 


Semivolatile  Organic  Compounds 
Method  SW8270 

O'Brien  &  Gere  Engineers,  Inc. 

TF-11  (0.00,0.00,) 

109394-0001- S A 

GRND-H20  Sampled:  03  JAN  95 

04  JAN  95  Prepared:  05  JAN  95 

GC/MS-ME  Dilution:  1.0 


Environmental 

Services 


Received:  04  JAN  95 
Analyzed:  06  JAN  95 


Parameter 

Result 

Qualifier 

RL 

Units 

Phenol 

ND 

10 

ug/L 

bis (2 -Chloroethyl)  ether 

ND 

10 

ug/L 

2 -Chlorophenol 

ND 

10 

ug/L 

1 , 3 -Dichlorobenzene 

ND 

10 

ug/L 

1 , 4 -Dichlorobenzene 

ND 

10 

ug/L 

Benzyl  alcohol 

ND 

10 

ug/L 

1 , 2 -Dichlorobenzene 

ND 

10 

ug/L 

2 -Methylphenol 

ND 

10 

ug/L 

bis (2 -Chloroisopropyl ) -ether 

ND 

10 

ug/L 

3/4 -Methylphenol 

ND 

10 

ug/L 

N-Nitroso-di-n- propylamine 

ND 

10 

ug/L 

Hexachloroe thane 

ND 

10 

ug/L 

Nitrobenzene 

ND 

10 

ug/L 

Isophorone 

ND 

10 

ug/L 

2 -Nitrophenol 

ND 

10 

ug/L 

2 , 4 -Dimethylphenol 

ND 

10 

ug/L 

Benzoic  acid 

ND 

50 

ug/L 

bis (2 -Chloroethoxy) -methane 

ND 

10 

ug/L 

2 , 4 -Dichlorophenol 

ND 

10 

ug/L 

1,2,4 -Trichlorobenzene 

ND 

10 

ug/L 

Naphthalene 

4 .6 

J 

10 

ug/L 

4  - Chloroaniline 

ND 

10 

ug/L 

Hexachlorobutadiene 

ND 

10 

ug/L 

4 -Chloro- 3 -methylphenol 

ND 

10 

ug/L 

2 -Methylnaphthalene 

ND 

10 

ug/L 

Hexachlorocyclopentadiene 

ND 

10 

ug/L 

2,4,6 -Trichlorophenol 

ND 

10 

ug/L 

2,4,5 -Trichlorophenol 

-  ND 

50 

ug/L 

2 -Chloronaphthalene 

ND 

10 

ug/L 

2 -Nitroaniline 

ND 

50 

ug/L 

Dimethyl  phthalate 

ND 

10 

ug/L 

Acenaphthylene 

ND 

10 

ug/L 

2 , 6 -Dinitrotoluene 

ND 

10 

ug/L 

3 -Nitroaniline 

ND 

50 

ug/L 

Acenaphthene 

ND 

10 

ug/L 

2 , 4 -Dinitrophenol 

ND 

50 

ug/L 

4 -Nitrophenol 

ND 

50 

ug/L 

Dibenzofuran 

ND 

10 

ug/L 

2 , 4 -Dinitrotoluene 

ND 

10 

ug/L 

Diethyl  phthalate 

ND 

10 

ug/L 

4  - Chlorophenyl  phenyl  ether 

ND 

10 

ug/L 

Fluorene 

ND 

10 

ug/L 

4 -Nitroaniline 

ND 

50 

ug/L 

4 , 6 -Dinitro- 2 -methylphenol 

ND 

50 

ug/L 

N- Ni t rosodiphenylamine 

ND 

10 

ug/L 

J  =  Result  is  detected  below  the  reporting  limit  or  is  an  estimated  concentration. 
ND  =  Not  Detected 


Semivolatile  Organic  Compounds 
Method  SW8270 


Client  Name: 
Client  ID: 
LAB  ID: 
Matrix: 
Authorized: 
Instrument : 


O'Brien  &  Gere  Engineers ,  Inc. 

TF-11  (0.00,0.00,) 

109394-0001 -SA 

GRND-H20  Sampled:  03  JAN  95 

04  JAN  95  Prepared:  05  JAN  95 

GC/MS-ME  Dilution:  1.0 


Ik 


rn\ 

['/uanterra 


c0nt.) 


Received:  04  JAN  95 
Analyzed:  06  JAN  95 


Parameter 


Result  Qualifier 


RL  Units 


4 -Bromophenyl  phenyl  ether 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di -n-butyl  phthalate 

Fluoranthene 

Pyrene 

Butyl  benzyl  phthalate 
3,3' -Dichlorobenzidine 
Benzo (a) anthracene 
Chrysene 

bis ( 2  - Ethylhexyl )  -phthalate 
Di -n-octyl  phthalate 
Benzo (b) fluoranthene 
Benzo (k) fluoranthene 
Benzo (a) pyrene 
Indeno ( 1 , 2 , 3  - c , d) pyrene 
Dibenz (a, h) anthracene 
Benzo (g, h, i) perylene 

Surrogate 


ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

30 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

20 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

ND 

10 

ug/L 

Recovery 

Acceptable 

Range 

Nitrobenzene -d5 
2  - Fluorobiphenyl 
Terphenyl - dl4 
Phenol  - d5 
2  - Fluorophenol 
2,4,6 -Tribromophenol 


92 

% 

38 

-  115 

88 

% 

43 

-  116 

95 

% 

21 

-  134 

46 

% 

10 

-  94 

62 

% 

21 

-  100 

103 

25 

-  131 

ND  =  Not  Detected 


B-52 


